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“GERMAN” SUBMARINE ENCIN ES: 


ton tnd sutens. sto tot bengiest! 
In view eve the prominence attaitiel by the Diesel in 
Submarine practice, and of its more recent application to an 
increasing degree ih commetcial ‘practice, ‘the ‘followitig brief 
“description ofa German. Submarine: engine obtained from 
‘inspection ofa number of these vessels i is thought ;will be of 
interest to the service:' The'German ariswer to many questions 
which have puzzled our designers and in many casesiwhich are 
-still open quéstions ‘may be found in ‘these engines. Promi- 
q nent points inthis’ answer" are: The: four-stroke’ eydle; ‘air 
~ injection; air. starting and- reversing 5: high revolutions and 
piston speed ; oil-cooled pistons; extreme rigidity; stroke-bore 
~ tatio close to 2.0 or less ; and the application of Six cyliriders to 
powers: up to.1,750. B.H.P. The following table shows the 
géneral characteristics of the ‘of 
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U-19, Mw 2 | 4 850 7450 | Yea | Yes, 
U-. M.A. NJ 2 4 | 6 | 1,200 | 450 Yes Yes | 1916 
U-67 | Krupp 6 (1) (1) | -Yes | Yes | ..,.... 
U-7g | Vulcan | 2 | 1.450 | Yes | No | 
U-ror |M.A.N.| 2 | 4 1 6 1,200 | 450 Yes Yes 
U-108 | M. A. N.| 2 4 6 1,200 | 450 Yes Yes 
.| Krupp | 2.| 2:.| 1,600 |. Yes |, 
U-11g4 | Krupp | 2 | 2 | 6 (2) o Yes | Yes | 1917 
‘O-117, | M. AL NJ 2 4 6 | 1,200 | (1) | Yes Yes: 
U-119 | M.A.N. 2 4°} 6 | °450 | Yes Yes | 1917 
U-120 | M. A. N,} 4 1° 6 | 4,200 450°"| Yes Yes 
(3) 2 at 6 | 1,260} 450 Ves Ves) 
O=125 2° | 4°} 6 | 3,200" Yes Ves | 1917 
2 | 4 1 6 1,750} Yes | Yes | 1917 
In addition, this vessel has charging engines as follows: 
-| M. AYN, eee 450 | |, 1917 - 
U-139 6 “Yes | Yes | 1915 
Designed for one charging engine, but not installed : 
U-iqr | M. AN) 2] 4 | 1,950 | 380 Yes Yes 1917 
In addition, this vessel has one charging engi , a8 follows : 
—15, 4 ‘2 : A2 ete 
U- M. AUN. 2 | 4 | | 1,200 | ‘450 
OB-99 | Vulcan 2 4 6 550 | 450 
UB-t4g| 2 | 4 | 6 | §50 | 450 
UB-117| Vulean |} 2° | 4 | 6 550 450° 
U8-122) Korting | 2.) 6 |,. | 
UB-131| Benz 2 | 4 | 530 | 450 
UB-149| Korting’| 2.) 4°) 530 | 430° 
UC-94 | 2 | 4 | 6 300 | 450 
UC: "ML. AON] 2 | 6 300 | 450° 
UC-103| M. A.N.| 2 | 4 | 6 300 | 
0UC-104| M. AV Ni) |) 6 ih 
UC-105| M.A.N. 2 | 4 | 6 | 300 | 450 
(1)—Not known  (2)—About 1,000 
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...) The above table shows the: engine. installation of thirty-six — 
boats taken at random; of these, five are equipped: with, two- 
eycle-engines,’ The two-cycle engines. inspected. were, all of 
the Germania Krupp type and similar, as far,as could be seen, 
to the Krupp'design before the war. ‘The engines of,the.four-_ 
-cycle type were manufactured in almost all cases by the M.A.N 
Co. The few other makes, found so resembled the M,A.N. 
type as to indicate their manufacture from.the M.A,N, design. 
‘The: prevalency!of the, M:A: Ny: four-cycle. engine proved 
yond doubt the superiority of this type’in Germany; - For this 
» reason that type only. was examined in detail and furnishes the 
_ material for as:much detailed information: as'it was possible to 
‘collect. for this report.;,, The inspection. was. conceritrated, on 
| engines of |U-164; which are, six-cylinder, four-eycle,! air 
-starting-and reversing, 1,200 horsepower, at 450) revolutions 
103 found mainly in: four'sizes, 
— syods Te brie brew 
650. horsepower! at 450. revolutions, 
1,200. ‘horsepower at'-450 revolutions per minute, 
17.750-inch bore.. 
» 1,750: horsepower at.380 revelations per mints 
exceptions to, the above four, standard-types are the 
850-horsepower M.A.N. four-cycle engine of! an: old |model, 
the charging) ;engines).on| the submarinescriisers 
U+435 and, U-r4z. These charging: éngines are the :M.A.N. 
-design,: 450 horsepower ete 400. revolutions per air 
Toy 
_ All the above’ types-are made in six-cylinder: are 
starting; but the 300-horsepower type are feversing., 
shortage .of copper’ is noticeable in. the: con- 
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struction of these etigines or‘rather a’progressive shortage, for 
‘some of the earlier Krupp engines are ‘made of bronze. Steel 
is used'to’a very large extent ; the cylinders, heads, housings, 
‘bedplates and piping, together with other: parts which ‘are found 
general practice, ate of this material. The bedplate and 
“housing should be especially ‘noted in this connection’ since it 
‘is rather a complicated casting with*parts as thin as one-half 
‘inch or-less.” Engine parts’ were not painted, but apparently 
-unfinished ‘castings’ were an 
or iron‘filler paint. 
 Engine-Room “The of 
‘the! ‘engines ‘and: auxiliaries is similar practice: ‘The 
‘tworéngities are placed abreast and turn outboard going ahead. — 
‘The attached lubricating pumps are’ driven from the ‘vertical 
shaft at ‘the after ‘end of ‘the ‘engines, The" attached’ circu- 
lating pumps are driven off the crankshaft at the forward end 
_of the engines.’ ‘The two auxiliary lubricating pumps’are -for- 
ward and outboard of the engines, above the floor plates and 
“are motor ‘driven: on horizontal ‘shafts. The !two ‘auxiliary 
circulating water pumps are at the forward end of the engine 
room; the’ motors ‘are’ above’ the’ floor the’ 
pened, the shafts being vertical. 

The control of thevengine is ‘at the forward, inboara side 
of each engine. 

“Spares and ‘tools are stowed ‘in metal ‘bait: out- 
ened of the engines, forward of the engines,’ under the floor 
on the hull 

» Except in the: boats the: the 
consi cof small engine and ‘auxiliary parts, such valves, 

Tools, both standard’ and special, are: in tacks 
with silhouette of ‘each tool: painted ‘onthe -rack 'to' insure 

(proper stowage. Special tools all numbered for the purpose 


intended. 


? 
i 
4 
q 
? 
q 
q 
i 
4 
; 
Me 


GERMAN: SUBMARINE ENGINES. 779° 


Working, room around, the engines; is limited, particularly. 


abaft: and outboard; of, the engines; however, the engines are, 
generally, ; accessible. .., Disassembling; gear jis provided, over-, 
head; athwartship, tracks),and: chain, falls; but apparently. the 
found, to; require little, or.no, 
‘The: floor; plates -are, pressed, obumped, steel, are, 

accurately fitted..../They are: secured. to,.the jangle, 
irons.by means of dogs opgrated..by. flush head, bolts, slotted. 


Cylinder Heads.—Cylinder. heads are,;made. of. cast. steel,, 
machine-finished.- outside.) ‘The.top..and, bottom) surfaces, are, 
practically flat and, the horizontal, section, square, with rounded: 

There in the head... This | arrange- 
ment: is varied)in the on agcount of. 

» Passages, open to- the, starting. ovalyes, are; provided, fore. 


aft, through|the inboard part,of the head.) ‘These starting: 


air passages are’connected between cylinders by; jumpers, . The. 
The. arrangement of valve openings and..cooling, spaces. is: 


are pb that, adja- 


cent; heads. may . Pes witht: vinlet or, 


» The. eylinder-head, joint, is, of type: 


copper.gasket similar to. our practice) 


_ Cylinder: heads: are secured, of, eight steel bolts,: 


indicator, cock. connection, ig: through, the inboard .side. 


Cylinders.-Engine cylinders are:pf cast)steel, with separate. 
liners., ‘The: jacket and the upper, half, it 
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the’ housitig’ are cast integrally: Webs /and flanges’ are: pro- 
vided on ‘the forward and after’sides for’ bolting’ to ‘adjacent’ 
cyliriders’ and ‘at the ‘bottom: for bolting to bedplate flange: 
joints. ‘These are metal-to-metal ‘and: the’ whole’ construction’ 
is very ‘stibstantial and ‘rigid. On’ the ’300-horsepower engines’ 
thé working ‘cylinders are .cast ‘in! Handholes’are pro-~ 
vided’ in the water jackets for cleaning.’ ‘The eylinder liner is 
apparently made of close-grained' east iron. It is secured at: 


the top where the head’ presses’ it ‘against! a shoulder‘in the! 


cylinder casting; stuffing box is’ provided at the bottom of 
the cylinder’ jacket ‘to provide’for lateralexpansion ‘of ‘the: 


linet and at the time insured watertightness of the water) 


space between ‘jacket ‘and finer. ‘box ‘is secured: 
by tap bolts, wired. 
“Bedplate'The bedplate is ofchannel 
ally ‘similar to our’ practice; except that the sides are carried’ 
up much higher. There is no separate housing provided; the: 
skirts of lower ipatts of the cylinders anid the high sides'of the 
bedplate forth! this part:' Abreast each’ ’bearing,’ inboard: 
anid outboard; there is built girder construction connect-. 
ing the bedplates and -eylindeérs, ‘which’ igives “great ‘vertical 
strenigthiand athwartship rigidity.’ “This construction; together 
with’ thé. bolted ‘connection ‘between cylindérs the ‘top and’ 
the cylinder-head tie-plates, makes the whole engine extremiely' 
rigid’and! free from vibration when’ running: ‘The bedplates 
for the 1,200-horsepower engines are made up inthree 
with bolted metal-to-metal joints. 
‘Pistons ‘and: Wrist’ Pins-_The working ‘pistons ‘are of! the 
trunk type, and appeared to be made of ‘fine close-grained cast 
iron’ piston'is ptovided with: five rings atthe top; the 


lower one being a-wiper ring, and one wiper ring»about: 5. 
inches’ fron’ the bottom. The’ piston headis dished) forming 
a combustion chamber of cylindrical shape with flattop and _ 


dished “bottom. ° Piston ‘rings ate lap-jointed,' and-are ' fitted 
with dowel pins 'to Piston’clearance on'the 
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1,200-horsepower engines.as taken! with: feelers. was. found to 


be roughly 0.016 inch at the-bottom, and-0.062 inch:at the:top... 


wrist pin is of case-hardened forged steel. It is straight, 
not tapered. |The wrist: pin is secured by :two:large bolts pass- 
ing through the: bosses and piston walls. : ‘The securing: bolts: 
are‘in: turn secured by set'screws. 

 Valves+All principal valves: are: placed vertically im the. 
cylinder heads.; The inlet and exhaust.are poppet valves:ofthe: 


usual-type, the:exhaust:valve being -water-cooled (by: 


nection to the circulating ‘water system)... ‘The inlet, valves:are: 
of steel:in one piece.’ ‘The exhaust: valve ‘stéms-are) of 
cast»steel; on which are. welded:cast-iron heads; A» cooling: 
chamber is cored in. the exhaust-valve head.' Cooling: water 
is forced:in:through a small:tube in:the:stem and’ discharged 
out through! the annular -space:around: the supply tubes::The: 
lift of: the inlet:and exhaust valves! is. about inches.) 
Ais-starting valves. and»relief valves» are» verysimilar to. 


ourspiraetice::; The irelief valves: are provided with air plurigers: . 


for positive lifting: when reversing! the:engines: 
The: spray valves:are provided ‘in. pairs: toeach scylinder, 
except:onithe 300-horsepower -engine.. ‘The: lift: of the valve: 


spindle»ds: controlled: speedas,: 


six 2.4-millimeter holes. The internal! construction:of the 
spray: valve;:the atomizer, etc.,\is according to! general::prac- 


‘tices: special feature is the actuating connection between 


rocker arm and spray-valve: spindles. rocker: arm, 
which: is forked: on the valve end and carriés a tappet:plate on 
trunnions, 'actuates both) valve spindles: Instead of the usual 


practice of lifting: the spitidle. by direct: contact’ between the 


tappet and a a 

begins: to: take:‘on': ithe 
30 degrees before top firing, center, but: the) yalve ‘itself! does 
not open until about: 8 degrees to'10: degrees beforecenter. 


és 
t 
\ 
| 
| 
13 
+ 
i 
| 


782° GERMAN SUBMARINE ENGINES.” 


Valve Gear.—The icamyshaft:is located: on the inboari si 
of: the:engine at the leveloof:thecheads and»is driven 
and»gear from a.vertical shaftiat) the-after end: The vertical 
shaft; isidriven by. worm ‘and: gear' from-the erankshafty) 
2:1 .gear:ratio is! obtaitied: inthe gears between the: vertical: 
shaft and cam shaft. The camshaft tutns;inboard: going: 
ahead:' The cams! are’ solid: 
thée'spray which is.an adjustable insert:on a.carrier keyed) 
to: the: shaft./»'Dwo cams ‘are: provided: foreach: valve—one: 
ahead vahd one revetse.. The cam-shaft beatings are carried: in’ 
supports: which bolt rigidly: to»the flanges where’ the cylinders: 
are joined. together. The same supports alsoi carry the’ bear-) 
ings: for, the rocker:shaft, which: is» located directly: over the: 
cylinders: The: rocker)shaft forms the pivot: for! allithe:valve 
rockers,or rather: catries!'eccentric; sleeves onwhich all: the: 
valve rockers :pivot. The inlet and exhaust rockers areicarried’ 
on fixedveccentric:sleeves on the rocker: shaft:so that :-by-turn- 
ing the shaft the valve rockers: are lifted. >The spray andyair- 
starting loose eccentric ‘sleeves on: the 
rocker shaft.and are thrown in'or out by: means of the starting 
levers. 9 All, valve: tocker:anms are held: with their tappets: 
against: theit respective valve! stems, the play always: being at 
the roller ‘end: where the: sloping start 
Crank Shaft-—The crank shaft: steel forging in: 
one /piece; including airscompressor cranks,» The! main’ 
cranksiare set:at 120 degree angles,; Numbers ‘1 and:6, Num- 
bers,2:and)5,:and Numbers 3! being: at the'same: angle. 
The :air-compressor cranks:are at 180! degrees: and. in phase: 
with :cranks' Numbers: 1 cand, The: sequence: cranks:is: 
1, 5:for the starboard engine and, 5, 3) 
for the port enginé (Number 1 cylinder.'is:considered: for- 
ward).::The crankishafts!are No 
thrust bearing! appears ito be ‘fitted; but the end clearances of 
ali crank webs »is -very, small); probably~ to: provide: for: that 
purpose. No balance weights are fitted to the crank webs. 
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Air: Compressors+Four-stage aireompressors are provided" 
on all the types noted except the 300 horsepower, which hag” 
a) threé-stage compressor: The 
castingsand are tandem.’ Air-compressor! cranks ate 
site. The lower pistons are‘ double® acting, ‘the first stage 
compression taking: place in’ both cylinders on the down stroke. 
‘Phe: dower! pistons’are ‘of ‘the! trank’ type): and ‘second-stage’ 
compression:is obtained in the annular space around ‘the lower 
pistons. The third and fourth stage:compressions are obtained’ 
in the: two upper cylinders, ‘respectively,’ single acting. 
discharge to coolers: is: screened, but ‘not cooled.» Air com~ 
pressor -valves are! apparently very’ reliable and: require® little! 
overhaul: Enginevair ‘starting? 

Fuel Pump-+The uel pump: is: ac the 
design: as built: by the Niseco Co:, ‘refined detail!’ 
The plungers are vertical and carried on two crossheads: driven’ 
by! opposed ‘cratiks: oh ‘a jack’ shaft which is driven“by worm: 
and from: the crank shaft. plungers) are: free‘ on 
their stems and can be rotated with the fingersi'’ The stiction: 
valves are’ measuring’ valves and are controlled=by: the® fuel- 
control hand ‘wheel':and governor. also’ ‘provided: 
cut-out control from: ‘the’ starting ‘levers and: by’ air from the 
conning tower, ‘The discharge*valves are automatie”checks, 
two for each’ pimp! Small ‘hand-priming ‘plungérs ‘are’ pro 
vided for each :cylinder'on the’ fuel pump.» They':serve: to’ 
prime the fuel: tines! before’ starting.” A fuel reservoir 'is ‘pro- 
_vided in the pump block, fitted with needle fldat valveland vent; 
lis ote dotuly s1it gaichow of T 

_ The fuel pump ‘block is: provided with» eight pump’ barrels, 
the two middle ones being for oi! (lubricating) pressure to the 
spray ‘ai? ort seb lame bas 
_ Governor.—The governor is of the simple inertia type*and! 
is ‘driven off the:forward end of the crank shaft: The*inertia 
weights whole apparatus compact. It'is! 
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apparently an. excess. speed cut-off governorrather: than 


Clutch+The engine: clutch is of the friction type and.is:ain: 
operated, ‘The tail,clutch.is similar in design, but is: operated» 

The outer'casing or female, member-of the: clutch:is carried. 
on. the engine ‘shaft,. serving alsoi‘as.a flywheel. Itvis:made’ 


in two parts, bolted, together; 


inside, the cones being: rbase, bas 

male:part is catried,on the: The: motor: 
shaft. carries a flange.or spider.on which are fixed four large. 
pins parallel,to'the shaftiaxis and extending through the spider; 


on.either side, On| these, pins are carried: two: circular blocks,» 


one, forward and one abaft the spider. /The' blocks 
small.axial; freedom, on-the-pins.:; The peripheral surfaces ‘of 
the: blocks are coned, to conform to the! inner: surfaces of the. 
fly, Foreing the blocks: apart | engages: the male and 
female conical surfaces, Drawing them together releases the 
surfaces and disengages the clutchi. The:cone:blocks are, oper-: 
ated; from/a sliding sleeve ;on, the ‘motor: shaft |by: a:series of 
links and; toggles... The forward: link ‘of the:system is:a heavy: 
steel; spring. The-conical surfates: ate: cut, with grooves., 


The sleeve on the motor shaft is operated by:means:of a strong-) 


back, fixed at.one end -and:carried»by, thé! piston, of 
cylinder at the other, Connection ito;the clutch: sleeve is made, 
by yoke, and, collar about midway: of the 
-oAuxiliary-operating gear) is: provided, in-a‘smtiall hand» air, 
pesipiand ainbottle: 9 Yoold qinticg ed bobby 
The working parts of the clutch are all machine finished and, 
finely fitted .and;itsiaction isextremely 
‘This apparatus was-of special interest. due; to, thee: compact+: 
ness and small size for the power transmitted-++1,200 ;horse- 
 Bahaust and) Muffler-—The' exhaust: headersis: made, 
three sections of steel welded) 
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flanges..Ex+ 


haust) from: the: ‘cylinders is taken ‘offby: three | elbows, 

one’ serving’ The exhaust header:is connected at: 
its’after'end by'a large water-jacketed pipe to the evaporator. 
From the after'side of the-evaporator another -water-jacketed 
connection’ leads through ‘the ‘inboard 
elbow deck connection. .At the after end of*this:elbow:out-: 
beard'is placedva'large gate valve,'and thence'a long section 

of water-jatketed*piping to the muffler: The muffleris a large: 
cylindrical’ nonpressure ‘expansion chamber: It is ‘baffled:/by: 


‘six°transverse plates with semicircular! segments cut in- 


their ‘periphery. Segments ’:in-adjacent plates’ are staggered. 
The muffler is completely water-jacketed, but no water'spray” 
is put‘into' the exhaust: The muffler is: provided witha num- 

of flapper vents; which are operated from: inside-the' boat.'. 


_ Avmuffler dtain is-also provided with valve and! reach» tod into: 


the motor-room. It: was noted»that the:entire exhaust: system’ 
fromthe! forward ‘end of the‘exhaust headerto'the after end 
of'the. muffler exhaust valves: 


aré large water-jacketed: globe: valves;! with loose disks and: 
auxiliary stemis for (grinding: im without: disassembly. These 


valves: close against the'seapressure: outboard exhaust| 
valvés are water-jacketed gate valves, ‘situated outside the:hull: 
and operated from inboard system:of reach These 
are apparently meant to be quick closing. Aiseate> oct ta 
Thrust Bearings:-—Bail-bearing thrust bearings are installed 


oft the'line shafts. “The installation is small and:compact. «The: 


casing isi made:oil-tight; providing: an oilsbath for the:bearing: 
torrum oll tot beam od vert quorg 
Cam Shaft-—The cam shaft steel forgings: It!is carried) 
in: bearings»: whose» pedestals bolted: 'to the :intercylinder: 
webs and flanges. The bearing structure is very rigid.: ‘The: 
cam shaft rotates inthe: opposite direction !from<the crarik- 
shaft. It hasan axial motiomof;about 144 
for each valve are keyed to the cam shaft--one: forahead and 
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one for reverse. ‘The axial :motion:of the cam sha ftiis!obtained, 
atthe forward end ‘by :means:of yoke and:collar, connection 
the |reversing gear: 
drive: or after end by the! shaft sliding.in,the!drive gear:wheel. ; 
Two diametrically: opposite feathers.of largeisize;on -the cam! 
shaft, which fit:in corresponding slots!in;the drive gear: wheel, 
transmit the rotary motion:!; 1/. wodls 
_ Rocker ‘rocker ‘shaft:is achollow, steel forging: 

which :forms!ithe is, 
mounted:in bearings carried by the same pedestals asi the cam-, 
shaft bearings; This shaft:is:made in, sections, for accessibility,; 
in. lifting: joined at: she: sbearing) 

~The rotary motion -of, about: 90;degrees: 
for lifting the inlet: arid exhaust: off: their: nespective | 


cams when sliding: the:cam: shaft‘ on: :reversal.:: These: valve . 


rockers are pivoted om fixed:-eccentrics onthe rocker:shaft::; |; 
Carried on free eccentrics:on: the! rocker: shaftyarei the ;valve. 
rockers forthe spray! ‘These, eccen-, 
trics are operated bythe: two starting) levers; one controlling; 
the three forward:cylinders, the other! the three after-cylinders.. 
Rotation ofthese ectentrics: throws» im the spray. or starting, 
rockers as desired; middle, position! of these, eccentrics, 
leaves: both valve: rockers:off their! cams to permit translation, 


of the'cam shaft; ot testtt 
Atr Starting: Control—For purposés‘of starting ‘on air the 


engine is divided into:two-groups three cylinders each with, 
apcontrob lever: for: (each group,' Both: groups: or:the after) 
group alone may be used for starting. The forward group 
only-may cut in ore while one:group! on\ait? \Actu- 
ally operating the engines) inthe -following» practice: was: 

First step—both:groups oniair starting.:| mr 

» Third step—after group omsfuel rosy sot 
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These’ ‘steps’ followed: one‘another: as fastas the: starting 
levers; could be accomplished: in about" 

Phe control lever | In:the: 
tion opens the :relay:of! starting air valve,:and also puts the 
eccentrics on ithe:rocker shaft inthe position where ‘the start- 
ing+valve rockers" aresoperative. It also’ operates: the»spray- 
spindle control to: choke the:spray:air to the first group of . 

cylinders. In the stop or:mid+position—starting air-valve is 
the: rocker shaft eccentrics are in ‘mid+position 
‘both spray and air-starting valve rockers’ clear of the 
»cam ‘shaft.:-In ‘the running: position—starting air valve is 

closed ‘and: the rocker-shaft are in: 

‘rockershaft it: holds 
fuel-measuring valves and cuts fuel-off all cylinders. 
_ also puts the:rocker-shaft:eccentrics in position where: air- 
\istarting valve:rockers’ are ‘operative; in: the ‘stop “middle 
position: it holds ‘the rocker-shaft eccentrics’ in mid-position, 
that«both spray and starting-valve rockers are:clear'of the 
cam ‘shaft; sin the running: position’ ‘itsets the rocker-shaft 
notion making the pray ve rocks operate 
and releases the fuel-measuring valves: 
The starting levers are interlocked with the reverse: ion so 

can‘ not: be issin. 
not be: operated when the stating fevers bat the 

stop position. rk 

of. aihandwheel ona fore and aft horizontal shaft: at:the for- 

--ward’end of the engine. » By means of a wormrand:gear, verti- 

‘cal’ shaft; bevel: gears, varid slink! motion,*the rocker shaft is 
votated:to liftsthe vinlet:and exhaust rockers:clear ‘of «their 
cams. Next by means of a yokeand:collar connection the 
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shaft is:moved. axiallyabout) an» inch andya:half:' 
is to: roll.the rocker shaft back:in: position 
_ so that the inlet and exhaust valves are operative». The above 

steps:are obtained by. turning! the! handwheel eight: complete 


«turns. Aisliding collar on the ‘handwheeli-shaft is:moved:for- . 


by means a-cam and: spindle:through ‘the shaft:while 
the geat) is-in-any ‘but:final ahead: or astern positions, :and 
funetion ‘is connections:!to: brake boxes:to «lift ithe 

Spray Spindle, Control.++The lift-of the spray-valve spindles 
ods limited’ by a stop which is:raised:or lowered: by medns of a 
- connection to the fuel-control handwheel.. It operates:to choke 
othe: spray air low ‘speeds:and powers..»Conriection |is:also 
provided with the starting levers: as explained above. 

Fuel Control.+-Control of the: fuel-measuring: valves is by 
means of dnterconnected:links fromthe fuel: handwheel and 
from the! governor «substantially: the: same::as»:our: practice. 


~The control operates to hold, open: the suction or méasur-_ 
valves during any desired«part of the»pumping stroke’ of 


‘the plunger. A: separate tappet plate: is provided ito:hold: the 
‘measure-valves completely. open: by link connection’ to «the 
starting levers when: they ‘are; inthe: starting” or!“ stop” 
position. tappet plate may also:be operated:by means of 
a small air plunger by 
othe: ots stove! off 


pump which operates very quietly: |The arrangement of holes 


odn the idler: gear andchannels -in: its: spindle: appear: to: aid 
materially in the operation of the pump. It is«believed:they 
-\are arranged to relieve excess pressures where the gears»mesh. 
~The pump valves are ‘arrangéd to accommodate ‘running in 
- either direction. : This pump operates at the same tevolutions 
the engines, being driven off the ‘vertical shaft. 


2 
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attached circulating water: pumpsare two-cylinder, 


_Single-acting, plunger: pumps, driven: by opposed ‘cranks on ‘a 


jack shaft driven-by. worm and: gear: from :the ‘crank shaft. 


On, the, four! types of boats inspected: these pumps-were dis- 


auxiliary-circulating:: water» pumps; in 
number, are of type driven by 
vertical shafts. iig2 sob 2uisteqgs 
‘the fuels is) displaced the tanks by circulating: water and 
forced to:the gravity tanks, .Comperisation is 
Coolers.—Both air and oil :coolers) ate-of ‘the straight-tube 
type, installed! with tubes vertical: There; are\duplicatée oil 
_coolers, and: coolers for: stage»of the: engine: air» com- 
pressor. The air coolers on each’ engine are:placed in a:single 
Shell, -ait' entering at: the: top to the: tubes 
passing, out! through separators at the:bottom! _ Cooling 
\ water enters’ atthe sidés of coolers and passes across the tubes. 


jo ori mo, betsaoi sgig daque - 
-stalled: in the-exhaust line‘ abafteach engine: It: is: of the 
-straight-tube: type; tubes: being: placed: horizontal and athwart- 
ships. Exhaust:gases pass across the tubes... Evaporator feed 


is taken: from the-circulating: water system. “When not: making 


water, the circulating .watersis passed through: the evaporator 
coils with vapor pipe: secured. ~The evaporator may: be used 
heater: foriship’s' heating and:to proyide hot» water for 
shower bath. One straight-tube distiller is provided forthe 
two, evaporators: It a for 
cooling waters): ot 3 
oc} Strainers and, are of 


similar'to-our practice,;: Filters are!provided with muslin bags. 


» -dnstruments.—A: striking feature. of the 
othe: permanent equipment: of~instruments provided: ‘The'en- 
gines are designed scientifically and installed»to be operated — 
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scientifically. «Besides ‘the ‘usual equipment of ther- 
-mometers are-installed to»give the temperature of: 

_ direct reading électric-salinometer ‘is installed to ‘give in- 


An apparatus for detecting water’ the fuel 


differential gauge ‘the oil 
and from: the: filter. 
vis restricted and needs cleaning. 
each engine.» Suction ‘fromthe sump is 
taken :to:either or both attached or'separately-driven oil pumps. 
the: pump’the oil is delivered’ through‘a twin filter to the 
-cooler. From the cooler the oil is divided! between ‘the! lubri- 
cating and piston cooling systems. The lubricating ‘oil’ is led 
»tovits pressure regulatoriand fromthe pressure regulator ‘to a 
supply manifold pipe located on the inboard side of the:¢rank 
case. » Branches: from the supply pipe are taken‘ to’each’ main 
bearing and to each cylinder. Oil from:the:main bearings’ is 
carried on'to the crank-pim bearings and wrist: pins from:which 
overflow or leakage drips into the crank ‘case."The leadito 
main cylinder delivers oil which is picked’ 
working: piston ring which is fitted wiper. 
-'The gear-set at the forward end:of the: lubricated 
lator. 
connections from the after end of the supply manifold:pipe. 
/The» rocker ‘shaft»is hollow ‘and ‘has a connection the 
supply pipe which lubricates its beatings, the rocker bearings, 
roller bearings, rolls, and:cam-shaft' bearings. camshaft 
in anoil trough whichis provided with idrains: to the 
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i 
four-plunger lubricator driven from the countershaft;: 0° 
Two drains are provided’ from:the crank case to_ the 

The lubricating oil, found. is very heavy: been grtisd 

Piston-Cooling System.—As noted above, 
oil is branched off the’ oil discharge from the cooler; the! bulk 
of the oil being taken by this branch. ~The lead: is*taken © 
supply manifold pipe located along: the inboard side of the 
crank case. Branches:are taken. off at:eachi cylinder through 
the housing to.the pistons and from! the pistons return: pipes 
lead. to a sight drain, box on the inboard: side: of| the:engine 
over the sump tank, ‘The supply and ‘return connections:to the 
pistons are made up with knuckle. similar 
installation. on the U. S..S., Fulton... 

Thermometers are: retur oil leads tothe sight 
Sit relisaxs vir 

case drain passes through the: piston-cooling oil regulator and 
serves to regulate the pressure in, the — 
lating the effective output of the pump.. dose Jouborg 

Circulating: Water creating water s system 
conforms to general practice... 

Spray Air System.—The spray. air: ‘air and 
air are. interconnected! and so.used.in German practice. 
The four-stage air-compressors deliver air tothe tanks:at:any 
required. pressures up to about 2,500: pounds: per square-inch. 
The spray. flask also takes the compressor discharge pressure. 
From the spray flask Jead is taken to,the spray jair-pressure 
reducer and regulator and thence to the spray. valves. |! Reliefs 
are fitted on the spray air lines. .The sptay air pressure is 
controlled statically by a spring-loaded -reducer,:; in conjunc- 
tion with which is.an oil-pressure plunger which Serves auto- 

~ matically to-raise the spray air pressure as the engine speeds 

up. Pressure, for the regulator, plunger is 
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two-plunger ‘block? — oil 
is used for aipressure médium.! 

Fuel: System=—Fuel is supplied!to the gravity’ walks under 
the pressure of the circulating ‘water system, cireulating water 
being used to displace the also 


sene, and smells like kerosene. nied te 


Indicator ‘Gear—Indicator’ gear’ is taking 
cards, The indicator ‘cock connection’ is attached’ to 
the inboard side“of each cylinder head. | The stroke’ tiotion 
is obtained: from the piston-cooling ‘return’ link motion’ by 
tight sleeve’ in the‘housing. 

Air-compressor cylinders are ‘provided for: 

Workmanship._—The ‘workmanship on the’ efigines ‘is: uni- 
formly excellent. The material itself is uniformly fitie in 
structure and'shows ttmost skill in manufacture. “All -working 
(parts are machine finished and) accurately fitted: ‘The engines 
are apparently designed in’ every detail to prodtice’ a ‘finished 
product, each detail contributing to the final result:’ No make- 
‘shift jobs or evidences of were’ is soften 
the case in less scientific machines.) OF 

Practically’ all nuts ‘onthe on a their 
: ‘bolting studs the full length of the thread, and all are‘ secured 
by means’ of pins, wires, or locking’washers. Handwheels' on 
high-pressure air lines aré lafge and fitted with a ‘quarter’ toa 
half turn:of lost motion on’ their stems to give a slight striking 
force for opening of closing.’ Pipe flanges which reqitire fre- 
quent disassembly are madé up'with portable ‘fastenitigs:” The 
flanges are slotted in place of drilled bolt holes and the bolts 
are hinged! under'the lower'flange: © 

bottles are of steel; two spray flasks! and two starting 
bottles being supplied fortwo 1,200-horsepowef engities::’ The 
combined capacity of the'starting bottles is about 865 cubic feet. 
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Due to- rigid construction and fine balance, the engines 
operate with extremely little vibration and are comparatively 
quiet. ) The engire-réom air is free’ of smoke-and gases and | 
the exhaust is and well muffled. 
thick 
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try 


CURRENT-CARRYING. ‘CAPACITY. OF. ELECTRIC 
CABLES, U. S. NAVY... eh 


CALCULATIONS OF WIRE AND FUSE Sines 


By Lieut.-Compr. ALEXANDER M. CuHar.Ton, U. S. Navy, 


MEMBER. 


- When electricity was first introduced in the service the 
current-carrying capacity of electric cable was specified as not 
cver 1,000 ampéres per square inch cross section of conductor. 
This was equivalent to 1,273 circular mils per ampére of cur- 
rent carried. 

Later the specifications were changed to call for 1,000 cir- 
cular mils per ampére for continuous loading and 500 circular 
mils per ampére for intermittent loading. 

Both of the above specifications were arbitrary assumptions 
considered to give a factor of safety which would eliminate 
the possibility of overheating the cables. No consideration 
was given to initial temperature orto temperature rises. As 
these specifications were coupled with a percentage of voltage 
drop which in most cases was the limiting factor, no serious 
difficulty arose, as the minimum drop allowed usually required 
a larger cable-than was necessary to carry the current. These 
arbitrary specifications based on experience with comparatively 
small cables had no scientific basis and as the size of cables 
increased aboard ship occasional cases of overheated cables 
were reported. _ 

‘As will be shown later, we were inudininee our cables 
below the 200,000 circular mil size and overloading them 


- above this size for temperature conditions now considered as 


safe. 
In 1914 the nets of Steam Engineering requested the 
Navy Yard, New York, to conduct tests to determine the cur- 


capacity of Navy standard cables. 
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In test, Number 175, dated December 16, 1915, the Navy 


Yard! reported: testsion a number of leaded.arid.armored cables 


taken from stock, the: ‘sizes, tised:/ gins 


820 circular 44 350 circular mils. 
498,860 Circular mils.” 22,820 circular mils. 
970 ‘citeular mils.” 0 49, 020 circular mils.’ 


cables tested were ina horizontal’ 
four’ inches’ from the floor, exposed ‘oii all’ ‘sides to the air. 
The cables, which ‘were from twenty to thirty feet’ long, swith 
copper terminals soldered to the’ ends, were tested’ one ‘at a 
set. JOULES iy 
__ The tests were made foe a temperature rise of 30 Pee Cc, 
commencing with a room temperature of 25. degrees C. (77 


49,020 111 
98,820 225.0 
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Plotting .these results! we get ‘a icurve ‘whieh varies consid- 
exhibly fromthe Navy! spécification’ 1,000°eircular mils iper 


~ampére. As ‘will be''seemlater;! the initial temperature ‘used 


in this test was considered by the Bureau too low, and the 


allowed tertipetatute tise too great for aboard ship. 


Also, no roupin location factor allowed. for. The 
values, ined New York, however, agree losely with 
those i in the ‘standard, table when reduced to, the. same limits. 
The. current which a. cable will carry. ‘without teaching a 
temperature, dangerous, to the copper. or insulation depends 
upon the establishment . ‘of a balance between the heat gener- 
ated by the flow of current through the conductor and the 
heat conveyed.from the;conductor, to,the insulation |and thence 


radiated to the over,which the; dissi-. 


pation of heat must,take place depends upon theicircumference 
ef the,cable, that is, it isa,funetion of, the diameter;, heat 


generated varies as the square,of,.the,current,.and inversely 


as the square of the diameter of the cable. oR 


Resistance — and We w would, ¢: then that 
the cuntunt allowed! fur a!dertain ‘temperature rise would vary 
as the diameter to the 3/2 power. Jn consequence the’ainpér- 
age per circular mil of cross-section must be less for the Jarge 
size. ‘conductors than for. the, pres in order o,.maintain 
the same temperature rise. 


The formula worked out by the New York Nig, ‘Yard for 
this particular test is 


rif ba 
eS sid 000, of copper in mils 
=thickness of insulation including tape’. 
braid 0.658 


015 = constant depending on 1 temperature: ‘eondi- 
tions, conductivity of insulation, | 
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Further tests by the Navy Yard;: 
formulz arranged in this: nousibs: 


[=.0121 4/—°20° C. rise... Final, C- 


ture... 


diameter of, copper. in, mils, cable 
diameter of solid wire-of equivalent area)... 

28 Watts: radiated’ ‘per’ foot = 12. Md, ebis 


ds depending on the, thermal conductivity . 
wot, insulation and_the, radiating. capacity. 
The average value ‘of k ‘from. test Number 175 is 


stds). bas an bo lent 


jolt was realized: that) the above, wee: not, in, strict 
accordance, with. itheory,. but.they ,were more,‘convenient| than 
the purely theoretical formulz and were consideretl,to./give— 
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results which and to which 
the radiation constants could be:determined. > 

At the request of the Navy Yard, New York, Sestuauk 
Slichter, of Coltimbia’ University, checked up the figures of the 
Yard by comparison with data by and 
by Langmuir anidDushman) 

Professor Slichter stated that the the 
Navy. Yard,“ —~.aré:very reasonable and in with 
results obtained by other investigators.”’ 

At the outbreak’ of war, the ‘Standards Committee of the 
American Institute of Electrical-Engineers offered its services 
to the Government. The Bureau of Steam Engineering re- 
quested consideration of A.C. ‘high-tehsion cables proposed for 
clentric. propulsion, and suggested to com- 
low-tension cables, limiting temperatures ‘and insulation char- 
acteristics, could be advantageously considered by the Stand- 
ards Committee and results obtained; which could be used as a 
standard for the Naval service. _ 

The sub-committee ‘on ‘wires and cables of’ the Standards 
Committee undertook the’ consideration of these’ problems. 
The stib-committee was ‘composed of” ‘representatives of the 
Bureau of Steam Engineering and the Navy Yard, New York, 
and representatives of the following companies, among others : 

The Standard Underground Cable Co. ' 
The Habirshaw Electric Cable Co. 
The Safety Insulated Wire and Cable Co, 
The Simplex Wire and Cable, Co. 

The General Electric Co. 

The Westinghouse Electric and ‘Manufacturing Co. 

The New York EdisonCo. 

The Public Service Corporation of ‘New Jersey. 

report of ‘the committee’ on D.C. cables was prepared 
York Edison Co.” 9 
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The Bureau requested ratings based’ on the current-carrying 
capacities of cables under. three conditions: 


ryt 


I, Contintious current rating): 
- Thirty-minute rating—starting from the end of 


the continuous rating/run. 


ager to be based on an ambient temperature of 45 degrees 
C. (113 degrees F.). This meets fire and engine room require- 
ments in a measure and also takes eof tropical temperatures. 
The allowable temperature rise for various under 
different ratings is as 


Insulation. 
Thirty, - minute, rating 
after continuous run. 80° C. 


‘Thirty - - minute, rating 


the high’ initial as a basis, 
temperature rises were necessarily kept low in order to avoid 
reaching temperatures where the insulation would begin to be 
affected: “The final’ temperattire’for varnished ¢ambric insu- 
lated and for reiriforced rubber insulated cable is 75 degrees C. 
(167 degrees oF. ). “As these types’ of cable are specified 
for use in machinery and boiler spaces, the probable, maxims 
temperatures are provided 

The values for the various nue were ‘obtaified from the 
following formule: 
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| The energy lost in the cable = I?r watts, This m ltiplied 
by (h + J) equals the temperature, rise on + J ) 


To’ allow for ‘the tack the prox- 


4 decks, ‘etc:,;it' was decided to: limit the current to per ‘cent 
Where I maximum current. Hof ot Danita 
_ 1, = maximum, 
permissible temperature rise (15 degrees C. for 
rubber, 80 degrees C. for varnished cambric) 
| r = resistance in ‘ohms per inch of conductor 
| heat resistance from copper to in degrees C. 
rise per watt'per inch of ‘Conductor 
J heat résistance ftdm temperature 
in degrees ©. risé per watt pét' inch of « con- 


= grouping considering that four cables! may 

be} racked, together, in},a,;location; with, poor 
biove 0} tobi) deck,or adjacent, to 
od of bulkheads.. tt Sd antirioss 
is expressed, ‘ay, the general equation 


wat 
% 


se 


Where a, b, are ‘the of the various belts of’ insu- 
lation and K, K?, etc., are constants the heat 
resistivity of the various materials in rere ASE er W watt 
per inch cube of the materials. 


imity of other conductors, location of aeuiletes close to - 
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This formula may ‘be derived: as’ follows 


For a pit of cable the length of path jof heat age from the 
inside out = The area'of this ps 


a 


When b = a, 


‘Therefore =0 
TAS 


II, THIRTY-MINUTE RATING—STARTING FROM END'OF THE 
CONTINUOUS 


The energy lost in thé\tond&ctor in watts any give time 
is equal to the watts radiated )plus the watts. absorbed n the 
cable due to its thermal capacity a. 


Whete a = the heat ‘input’ in’ watt' seconds requiréd'to raise 
don degree per Second ‘and’ the insu- 
‘lating’ materials, lead’ and! armor if propor: 

tion their temperature rise’ for degree’ 


t= time in -secomds. Jor jngte 
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At the — of the thirty-minute run: aid T 


At the end of i thirty-minute run ¢ = 1,800 and T = 
T, = maximum allowable temperature. 


Integrating, with these limits of integration 
1800 4 
4+ +J) — sith . 


III. THIRTY-MINUTE RATING “starring ROOM TEM- 

"PERATURE. : 

The same differential as in. AL expresses, the relation existing, 

lut in this case the limits are TT, and T = o and ¢t = 
1,800 and t = 0.) 


In arriving at formulz two assumptions are mac 
Phat, the. resistance is,a constant—this is not strictly 


correct, as risa function, of, T due, to. the coeffi- 


cient. of the conductor,. 


(b) That the heat, resistance J from armor to air is a con- 


stant. This is not strictly correct... 


These discrepancies in a measure “offset each other and are ~ 


not of great importance with the low temperature rises under 
consideration. Of the above formulz,\I and III only are used 
in calculating wire sizes. for use ont Nava vessels, I for cables 
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carrying ctirrent continuously, ‘and: IIL for cables which ‘will 
not carry; maximum current periods Hen, 
minutes at atime. 

_ The, following values for. the constants used i in n making | up 
the tables were determined by experimental work by the N avy 
Yard, New York, and by the New York Edison Co.: 
me H= =116.5 H=MdJ whered= = diameter of cable overall. 

K reinforced rubber = 220 
Klead tosteel = 91° 
_ From Bureau of. 31, 1, 1914, 
the Tesistance of copper = 10.371 ohms per mil foot’ at 20 
degrees C., and 100 per cent conductivity... 7 == 1.0177 
ohms/mil inch at 60 degrees C. and 98 per cent. conductivity, 
and r = 1.0686 ohms/mil inch at 75 degrees C. and 98 per 

For ¥ values of Se eg densities were 


Copper _.1142 

cular mil inch. 
Rubber. grams per-cubic inch. 
Lead 186.0 grams per cubic inch. 
Stel .126.0 grams per cubic inch:' 

_ Varnished cambric 19.0 grams per cubic inch. 
Reinforced rubber —S.2.1.4 grams per cubic inch. 

The-specific heats used were 
Copper == .393 ) 
Rubber Watt-seconds per 
Varnished cambric = 1.672 > per rise. 
Lead 
Steel braid = 
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value of w in’ forinula IIT is made-up as-follows? 
20, for copper” weight per itich specific heat’ 


] we for == weight per inch X specific heat’ 
for lead” ~ weight per inch’ specific heat” 
Ww, for’ steel brat weight specific heat 65 

| "Phe factors 1, "85, "70 and .65 used in the above expressions 
| indicate the temperature rise of the several materials per 


degrees C. rise in the copper. 
| The examples below are worked out to ‘show fhe sthethod oh 
constructing the table. 


414,020 CIRCULAR MIL, RUBBER covenne ARMORED 
CABLE CONTINUOUS CURRENT RATING.!)59! 


! 


batt 


{ FUR == hisid 
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‘THIRTY-MINUTE RATING STARTING FROM ROOM TEMPERATURE. 


Ww, = 28.9 (1.066* — 742") .782 .85= 8.76 
= 186 X (1:226" — 1.066") X13 4.87 


186 X (18008 — x 404 65 = 14.20 


x X 44.93(1—1 -40 +. = aggamps 


MIL, CABLE LEADED AND ARMORED VARNISHED 
vous CURRENT RATING. 

r (ohms’per inch at 75 degrees C.)...... == 34.71 K 10 

Conductor diameter (2a). inch 


lo 295 295 | 
2 Be Oe 1: 


== 458 inch 
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log. 2b og, 1.388 = .033 


log, 34 = 1.378... 4,63 


THIRTY-MINUTE RATING: 
84.71 X 10° 
| 


= .1142 30. 780 x 398 382. , 


x (888? — 201") X 1072 x 2.250 
186 289) x18 x 85 


I=.8 1800 


| 
10.23X94-906 
= 
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The values worked port ‘the examples above agree very 
closely with those given in the.table. In making up the tables 
the various currents were worked out and the results plotted . 
on, logarithmic, paper, using as, coordinates ampéres, versus 
sizeof conductor in circular mils, The values for a particular 
type, of cable, will lie practically on a “straight line. .. This is 
quite; true for the cofitinuous: current values where the rela- 
tion’ is" practically ‘a simple vagaticn éircular 
mil reac 

For the rating the betweert 
mil area and current-carrying capacity is not quite & Straight 
line, due to the greater relative thermal capacity of thé copper, 
armor and insulating materials of the larget-sized cable. -: This 
would tend to make the curve 


line. 


TABLES SHOWING Max ALLOWABLE LOAD AMPERES FOR 


aay 


Cireular Mi ontinnous Interai tent 
18,000": 5241. 086. 
ts 40; 000°*: 6866) 
23 60,000°°: +, 
715,000" : S899 ode 
200, 000° | OSs, 
250, 000°°; ¢ 
300, 000° S286 988, 
375, 000°: : 2. 088 i 
400, : 6 ort 
600, 00: 088, a8 
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TABLES SHOWING MAXIMUM ALLOWABIZ LOAD IN AMPERES FPR : 
CONTINUOUS AND INTERMIT?ISET LOADS ON MAVY STANDARD 
3 IOW 4 
ci Intermittent: 
Approximate ; Dupiex Single : Duplex 
- Se 4 : 66: 
621,970 : 880 
| : 657,660 : 662 : 4 
: 629,210 |. 
| OWABLE 
Circular _; Continuous Intermittent” 
1 roximate =; : Single lex 
4,494 
9,080 
11,340 
52 
“4 60 
Git ods 
4 
3 
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VARBISHED CAMBRIC CABLES - ARMORED, 


4 


a3 


tA 


cee eee 


e TABLES SHOWING MAXIMUM ALLOWABLE LOAD IN AMPERZS FOR 
CONTINUOUS AMD INTERMITTENT LOADS ON NAVY STANDARD CABLES. 
continuous Load: “Intermittent Lose— 
 sotual lex Si : lex 
fi 
2 100. -85 
SHOWING MAXIM ALLOWADLE LOAD AMPERES, POR 
Mile zContinuous Load _; Intermittent Loed 
18,000 ; 18,060 62 & 
22,820 60. 62 
80,780 2 | 77 
49, 080 97.3 ee 104: 
a 69/940 io: 120°": 
95, 880 127. 142; 
4 196, 66 237 : 
4 260, 71 278 : 
3 
629, 31 625 +: ‘ 


Inter- 


| 


pint 


BAVY “STANDARD CABLES, 


IZ LOAD 


a8 
LOADS 


wid 


é 


VARNISEED 
Bost 


LOADS: ON S2ARDARD CABLES... 


ee 


829,310 


RAGIATE 


cout 
v. 


& 


D 
| 
tinuous Inter 
3 56 
p 3 7 
96 , | 
50, 
57,40. 
29, U 3 
DM ALLOWMEEE LOAD Iv AMPERES 
Approxina ma] 3Contimn- ; Inter- 
250,000 710 : 280 ‘257 
875,000 010 490 4 
400, 000 628 
500, 000. 970 34 634 
650, 000 B60 757 
j 
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The table in its final form was as picked off from the faired 
curve, which explains: the small discrepancies noted in the 
examples) worked out: no mworle ots ertottslet 

The table for twin conductor was made up by taking 85. per 
cent of the values found for single -coriductor.--This: factor- is 
a result obtained on consideration of values offered by various 
authorities and. thought to = 
obtaining. 

The-values shown # in tlie. table 
cabs were obtained by: applying factors to the values for 
leaded. and armored which- the experiments- were 
made. These factors: were also obtained by experiment’ 

3: Tables showing the current-carrying capacity of the different 
types ¢ of cable for the temperature 1 rises allowed are appended. 
’ In applying these values to use aboard Ship the following 
rules: and definitions are for use sizes: 


OF: WIRE SIZES, ercurts: 


if Alt calculations for wire sizes power and lighting 
ahd mains shall be based on the/full load currents catried by 
sare These full-load currents’ shall be ‘determined as 5 follows: 


continuous. In figuring conductors for ee motors | the con- 
inuous values of current capacity table shall be used in the 
case of the continuous duty motors, and the half-hour values 
of the table in the case ¢ of those of the non-continuous class... 
A non-continuous motor, in this connection, shall ‘be ‘con- 
strued as being’ one’ that operates. at full-rated load-or ‘over 
for a period mot exceeding one-half hour, This. group: of 
motors shall include the following: = __ 
Steering gear, windlass, radio and oseillator, Wich, 
turret machinery, boat crane, turbine and shaft toreits) tor- 
pedo hoist, and machine motors. 
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Continuous. motors shall 
of the non-continuous class and, specifically;>those ‘which. 
“operate ‘continuously: at times»at'full-rated load ‘for:periods of 
-over' onechalfhour, A’ list’ of such:motorsvand‘appdratus is 
given for! guidances bas gui 
Ventilation, “blower; ‘portable: fan, ammunition hoist, :con- 
veyor, pump, engine-room auxiliary, .air 
chine, ‘galley, laundry, machine! shop; print 
‘shop (motors ;:motor-generators: for battery 
interior corimunieation; fire’conttol and submersible:pumiping 
apparatus; as ‘heaters, ‘stoves, ovens, 
Tn power feeders or mains: when: both ‘continuous ‘and non- 
continuous duty motors are used; the ‘continuous ‘rated! cables 
. shall be used in case the rated full-load capacityof:the con- 
‘tinuous duty apparatus is 25: of the ‘full-rated 
load ‘ofthe circuit: If less: than) 25: per cent 
rent of the circuit is'made up of-continuous’ duty «motors; the 
half-hour rating of cables shall be'usedio) 
iThe rated ampére capacity-of cable ‘selected: shall be equal 
to, ‘or inocase of excessive drop, greater than the rated: full- 
In selection ofeall ‘cables, the drop: 
within limits of existing specifications) 
odin 'the' following: paragraphs’ the rated: ‘ofa motor or 
other piece of electrical apparatus shall be the ~~ icalled 

current of circuit, between. generator, and, 
‘boagd shall be the, full-rated load of; generator plus 83 1/3 per 
-cent,.and sbetween,, generator, board, and distribution, board 
shall.be the full-load rating of the; several ship's service gen- 
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erators;in one éngine: room, omitting exciter,,if any, plus 
The: combined. full-load current.of power: and: ‘lighting-bus 
tie feeders: between distribution, boards in: cases where light- 
ing and power cables constitute independent: cireuits shall, be 
full-load current of tie: 
boards when: these cables carry jointly the lighting and power 
loads shall' be: that equivalentto: one-half :of» the. overload 
capacity, (183 -per: cent) of: generators one 
engine or dynamo room. 
Bus tie feeders between. generator distribution 
-boards:,and. between ‘forward and after distribution boards, 
and, be figures so as: to observe the 
Drop in voltage: on power circuits: 
to motor ifeeding from: its: own: distribution board’ shall not 
exceed 5 per cent, and:in 
generator board, 6 pericent.x! 
(0) Wiring’ for, lighting will be. it 
basis ofa maximum. allowable drop: of 214 per cent, -caleu- 
lated from adjacent generator switchboard; and: 3+per ‘cent . 
‘from the: distant generator}, ealeulated 
full-load currents hereinafter defined: 


Maximum allowable generator disttibution 

(d) Allowable drop, generator: ‘hoard ‘distribu- 
tion board, one-half of 1 per cent. 

The allowable drop:inivoltage over such feeders between 
distribution boards as shall be utilized for lighting service a 
“fot exceed onehalf of 1°per cent, ‘based on’a Toad “equival ent 
to 1/3 of thé Sui’ Of ‘the’ full load currents of lighting 
feeders" of forward ‘or after lighting’ systems.’ “This "Shall be 
considered the actual lighting load if the ‘following paragraph : 
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(f). The allowable.drop,in voltage due to. power load iover 
the remainder of these feeders between» distribution) boards 
shall, not..exeeed per centj.a load current being, assumed 
equivalent.to the total. generator load described: above ‘less ‘the 
actual lighting load. describediin. 
(g) In cases where one set-of bus tie feeders; between :dis- 
tribution, boards carries jointly lighting.and power. load, the 
drop.in veltage, under full-load current condition. specified for 
‘this arrangement in, paragraph 
cent. 
_+ (A&)~The total cross-section -of all conductors: between! 
erator, board and, distribution beard-shall be atleast equal.to_ 
the total cross-section of cables gen- 
erator geitdell best gatidgil 
gases where: the:: andi ogen- 
erator panels are integral parts of the same switchboards:the 
drop in. yoltage between) generators,and' generator panelsishall 
full-load,- current. of; a:\feeder or main running to-but 
one motor. shall be ‘the rated-load of the motor, 
The; full-load, current-of. a feeder.or.main running: tova 
heating device or heating devices shall be the full-load current 
of the heating device or the sum of the full-load currents of 
the: ‘séveral. heating at bobwlonr od T 
The full-load. current of a:main ranning to several motors 
heating devices: shall be the sum,of;the: full-load: rating 
of the motors:and heating-devices plus the sum)of the current 
capacities of the: additional outlets: onthe main, if amy. 
The full-load current distribution board to 
an auxiliary power panel shallibe»the: sum of the’ full-load 
ccutrents) of the mains running) from the panel: plus’ the: sum 
‘of: ‘the current ‘capacities ‘of spare outlets or switches on the 
panel. 
full-load' current of a feeder running: direct»to:juriction 
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‘816 CURRENT CARRYING ‘CAPACITY! OF" CABLES. 
auxiliary panel! shall’ be the sum of ‘the fulload ‘cufrents of 
thesmotors' anid ‘heating to ofl 
-orfThe full-load current of a lighting feedér runing direct’ to 
‘a lighting panel or to feeder junction: boxes will ‘be to the 
sum of: the full-load currentsiofothe lighting miaitis ‘feeding 
fromthe’ panel or junction boxes, 9% w evens al 
full-load current’ of a main tanning froma 
lighting panel or 'feeder junction box: will be equal'to theisum 
the full4oad vall and’ branches ‘feeding 
from it. 
fullload lighting: subs will eqiial to 
the'sum ofthe full-load currents'of ‘all branches feeding from 
the distribution box orjunction ole 
Lighting feeders to lighting panels or to feeder junction 
boxes will'in no‘case ‘be less than '9,030°c.m. twin conductor 
ciLighting cables will inno: case‘ be: less than 4,494'c.im. ‘twin 
conductor, except in special cases'such ‘as riinning arid 
anchor: tight! systems. ‘Thelighting sub-mains' to distribution 
boxes should ‘such cross-section that the drops them 
‘will cause tindtie ‘increases i in sizes feeders and mains 
The circuits included in the accompanying rules: will com- 
prise feeders; mains and sub«mains. following defini-_ 
‘tions: are given as!applying in this bos 
A feeder: shall be considered: as:a' circuit: fedidirectly 
from main power or lighting distribution board): to 
» main ‘shallbe ‘considered \eircitit réveivinig’ its 
enerty diréetly:from afeedér! ise tous 
A-isub+main shall: be: circuit: feeding 
boxes; 
shall:be equal :to: the! full-oad:icurrent. ofthe 
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circuit plus 50 per cent of the current of largest motor, in no 
rated ampéres of corinetted loads) 
The rated capacity of fuse lighting feeders light- 
ing distribution béard shall- be-equal-to the fall4oad*current of 
the circuit plus 25 per cent-———- 
Thevrated icdpacity of fuse power mains ‘and sub-mains 
shall be equal to the full‘load ctrrent of such mains or sub- 
mains plus 50.,per, cent of the current; of: largest; motor; inj no 
case, however: to-be,less than) 25,percent.in excess. of -total 
‘Dhe:rated capacity of fuse, on. lighting mains of,sub-mains 
shall be equal to the full-load -current. of such; mains or. sub- 
:rated; capacity,-of power; mains or, sub-mains, carrying 
heaters alone shall be equal to the combined Sallolnad, carsat 
of the, connected heaters. Soriblind 
|With-the table current-carrying. capacities given and. the 
rules’ for applying: these’ tables, is; believed. that; noi copper 
will be. wasted in laying the various..systems, aboard. ship 
while. there -will’, be sufficient copper provided carry; ithe 
desired currents without overheating. etsheb 
rdstvorkt mt stew 2oqsrle 
ative atoonnos. doula. .qorle 
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(Plates, Nos. to,6, show, construction, and launching 
10° einen sbue to Mind or 
only the Ford of Detroit, 
Michigan; ‘contracted to ‘build ‘one hundred 200-foot' patrol 
boats for the U. S. Navy, ona cost°plus’ fixed ‘profit basis. 
‘The number of ‘boats’ originally ‘contracted’ for was reduced 
to'sixty after thearmistice’ was 0) od 

The site selected for the shipyard lies to the west of the 
tity limits; about! eight miles’ from the center of the’ city,’ near 
We River Rouge. boaidinos of od Made setols 
Active work in erecting buildings arid'dredgitig ‘a ‘slip ¢om- 
with’ the’ River Rouge begurt in’ March; 1918. 
“Phis* slip: is: about’ one-half ‘a “mile! long,’ three hundred: feet 
wide) and! twenty-eight feet deep: ‘The cost ‘of the necessary 
buildings and equipment was about three and’ one-half ‘million 
dollars. inoriiw beties! 

The principal buildings erected were: The fabricating shop, 
the assembly building and store building. The transfer table, 
the hydraulic launching table and fit-out docks, constructed 
along with the above buildings, complete the plant equipment. 

Plates, frames, shapes, etc., were manufactured in the fab- 
ricating shop, which connects with the assembly building. 

The assembly building is 1,750 feet long and 800 feet wide. 
In it were laid three main tracks for’ specially made heavy 
trucks on which the hulls of the Eagle boats were built. As 
work progressed on a hull, it was moved on its trucks from 
one assembly stage to the next until it had passed through 
seven stages, when it was ready for launching. Fach one 
of the three main tracks would accommodate a line of seven 
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hulls, making: a) total: of hulls: under continous 
assembly: qitle bas besi tol das 
~The: transfer table’ ‘is 190: feet: 
and 30 feet wide, which runs on heavy tracks parallel: to: the 
end. of the assembly building. Motive. is furnished by 
i its nies assembly 
in the assembly building, it is ‘hauled on its own trucks out 
on to the transfer table, on which it is transported to a point 
opposite the hydraulic launching. table. The hull, still on. its 
own trucks, is then hauled on to the hydraulic launching table, 
lowered into the water, floats off its ways when water borne, 
and is then towed clear. The launching table is then raised, 
the trucks placed on’ the ‘transfer’ table, and returned to the 
first stage in’ the assembly” ‘buildings 
The launching table is an hydraulic lift 190 feet’ in’ length 
and operated by eight hydraulic: engines, ‘four on each side. 
‘The capacity of the table is about 600 tons. ' ‘The’ ‘total time 
required to lautich' a hull, ‘starting’ from the Tast ‘stage in the 
assembly building, is about 40 minutes.” ee 
The Eagle boat is a single-screw vessel, driven bie a high- 
speed Poole turbine ‘through a planetary reduction gear, and 
is designed for a speed of 18 knots at-about’500'tons trial dis- 
placement with the engine developing. 8,000 horse: 


Length between feet 
Length over all, feet and inches.,... 
Beam molded at mid fe 
Depth molded, from stem.to bulkhead. No, 59, feet and 18-6 
Depth molded at after perpendicular, feet and inches... 
Mean’ trial displacement, tons (about)... 
Mean draft' to ‘bottomof keel at feet land 
90 
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Fuel oib is carried in’ six“ D’?:compartments and three 
compartments. Fresh water for feed and ship’s use is! carried 
in’ three tanks — bulkhead No. 59°:and No. 65 
compartment. Ho dated sbiw jeot brs 


| 


Wardroom officers | 


One thicednch 50 caliber rifle, power fat 

trajectory type. . 

One gun, depth charge 

Two machine guns. 
Depth charge release gear is on port aid 

| : sides of after pert of main deck, 


One 21-foot motor dory.. ls gland byege bsugicab, 
One 24-foot whale boat. ., edt Sq 
The boats are stowed on ab pie channel davits, :. The 
davits rig in and out, by means of ,a sheathed screw 


by. a crank, 


Seg Plate’ VII arrangement of 

"The main engine is a Poole high-speed turbine of the 
pound impulse velocity-stage:type, witha working pressure of 
235 pounds. It is designed to develop 2,000 shaft horsepower . : 
at 4,000 per and is down in the ratio 


of, 8.4. to 1, 
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stationary parts. ‘The -side’ clearance. between moving and 


BOATS.’ 


Therejate six pressure stitgi in the ahead turbine—the first 
or high-pressure stage is velocity compounded. Incorporated 
in the same casing and at the after end is the backing turbine, 
which consists of one pressure stage, velocity compounded. 
It has about 30-per-cent ofthe power-of- 

(For details of rotor see Plate VIII.) Bees Caio 

The rotor wheels are assembled in the central part f the 
shaft, keyed in plate, distance pieces being placed 


of shaft is serewed hard against the first 
and last wheels a pechting nuts are locked in pie by 
The first rotor wheel: in the and fhe] 
rotor whéeliate on same size and construction. Hach carry 
two sets of blades, 
The. Totor shaft revolves in self-aligning beatings. of the 
spherical”seat type. ‘The forward bearing is located” in the 
forward end of the turbine casing, an and the after easing in the 
forwatd’end of the reduction-gear casing. 
The central patt of the shaft is Pa inches long: and 6. 998 
inches insdiameter, The shaft decredses i in sizé on both sides 
of this central_patt to 5% inches i diameter for lengths of 
934 inches. ‘These parts of ‘the: shaft ‘provide smooth cylin- 
drical surfaces, whith revolve in a series of radial slotted pro- 
jections forming the shaft gland acking, Sealing steam from 
the auxiliary exhaust line: is admitted 1 t6 an annular space at 
the center of the packing.” ¢ The Jeak-off from the ‘shaft pack- 
ing at the high-pfessure end i space in 
the low-pressure packing, BGA 
The turbine rotor jis, ‘nial bearing 
at the forward end, which takes; up the thrust of the rotor 
shaft and maintains proper clearances between moving and 


stationary parts is‘adjusted by meéahs ‘of distance pieces behind 
the thrust blocks. The after ‘of the-rotor shaft is tapered 
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2500 HORSE POWER 

STEAM TURBINE ENGINE 
USED IN EAGLE BOATS 
FORD MOTOR COMPANY 


PLate XI—Main Encine Assemsty. 


| ELATE X.—Repuction Gear. 
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Prare XIII.—Borinc Stern anv Strut Castines. 


i 
Pirate XII—Turpine Test Brock. 
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and threaded, ‘and fitted with a nut ‘with a se- 
‘the litiear’expansion coupling flange) 
‘The forward énd°of the reduction gear sun’ is 
of the same’constrtiction and has a corresponding linear expan- 
sion coupling flange. These coupling flanges’ are! connected _ 
by twelve steel pins‘ which are secured in the reduction! gear — 
flange, and whieh workin bronze ‘sleeves’ fitted in the’ rotor 
flange. A space ‘of 3/16 inch is left between coupling flange 
faces, thereby allowing for linear Se ‘of the rotor _— 


and reduction gear sun pinion shaft.’ 
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» The periphery of the,rotor wheels are 4 slotted: The:roots 
of the rotor blades are of! a, corresponding .cross-sectional 
shape. A starting place for inserting the roots, of the blades 
is provided, and, after all blades are inserted in the rotor slot, 
a locking piece is.inserted and-electrically welded... 
+, The distance between the-blades is, maintained by the shapes 
of their roots and tips... After all the.blades|are assembled; on 
a wheel, a dove-tailed slot is cut.in their periphery ‘anda, flat 
strip of: soft steel, in lengths of not over, 10 inches, is then 
peened into this slot and electrically welded. .-This serves as.a 
shroud ring. The tips of the blades are then ground to.smooth 
them up and bring the assembled rotor wheel to its finished 
outside diameter. 


The construction is exce tionally strong, as was evidenced 


-through an ‘accident i in June, 1918. A block test of a turbine 


running at full p power was being:conducted, and, through error, 
the load was suddenly thrown off: “The rotor’s revolutions 
creased rapidly from 4,200 revolutions: per minute to about 
8,000, when-a~section of the second-stage ‘wheel broke off, 
pierced the turbine casing, and then struck the ceiling of the 


building at a distance about 60 fee Upon investigation 


later it was found that the blading Wis perf act 


_in that part of the second-stage wheel which’ remain 


The- diaphragms, which Carry the stationary nozzles, are 
made in halves-and are set in slots in- ‘the-upper and. the lower 
halves of the casing. The lower diaphragm may be rolled out 
when the top casing. is lifted. ‘The diaphragms are all fitted 
with radial gland packing to ‘prevent leakage from stage to 
stagecaround the rotor shaft: ‘There are six’ nozzles, bolted to 
the ‘forward-end ofthe “turbine casing~for delivering steam 


to the ahead turbine. Steam is admitted to ‘the nozzles by 


three balanced valvés-under-controtof-the maneuvering gear, 
which consists of three camson,a.cam rod operated by the 
maneuvering wheel througt a system of levers and gears. 


_ Each valve admits steam to two nozzles... Steam is admitted 
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to.-the.astern turbine, nozzles by a 4-inch double-seated balanced 
valve under control. of the maneuvering. gear... 
A, double-seated, balanced steam-stop,.valve,. ‘operated. 
the working platform, is fitted between the steam chest and 
the main steam line. <A foot trip gear is.installed. so that this 
valve may be. closed quickly. in. case. of emergency... A. cen- 
trifugal, ring..governor. is. installed ..on, forward, .end...of 
pits rotor shaft. . This operates.a trip gear which. disengages. a 
ratchet that holds.the stop. valve.open and allows the valve to 
close when the revelation of the a predeter- 
Auxiliary, exhaust, admitted to first presr 
sure stage... This, is controlled by,.a, check. valve: and.a, = 
valve operated from, the working. platform... yo 
_ Projections, on each. side of the lower half of. the: casing. 
by holding down: bolts to the engine foundation. The 


forward end. of. the turbine. casing, on whieh 
-allows for a — seat. 


SUD 


reduction gear, casing, is cast iron, consist of 
five parts in the upper half and. two. parts in the lower,, Pro 


jections in the half. eroviie feet. securing the casing 
to its foundation... 


The reduction, . gear, casing, contains, ‘the. reduction, gears, 
spider shaft, sun pinion shaft and bearing, linear expansion 

shaft coupling, after turbine. shaft bearing, spider shaft. 
ings, and a. Kingsbury thrust bearing... 

The elements or. the planetary reduction gear are 

An internal right and left hand. Bono to or “helical, gear 
of 87 inches, pitch, diameter with, 222, teeth. The. right and 
left helical, ring gears are set in a. de ti in. Be gear.casing and 
keyed and in place. 
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Revolving inside and “in mesh with the’ ring gear 
are three planetary gears with ‘the’ game type teeth'as ‘the 
ring gear. ‘These’ planetary gears are 16 inches pitch ‘diameter 
and have 96 teeth. revolve on ona 

The planetary’ tiesh with a ‘central sur’ 
right ‘and left hand helical gear whose ‘shaft carries' the after 
expansion coupling at its forward end. The forward’ spider 
bearing which’ ‘is 10 inches in’ diameter is holtow in order’ 
allow the sun pinion shaft to pass through’) 4 

The sun pinion shaft is connected to the -atsee end of the 
main turbine shaft by the expansion’ coupling. ‘The sun pin- 
ion gear, revolving the planetary gears around their pins and 
the internal ring gear, causes the planetary gears to give’ ‘the 
eg ‘with its shaft a reduction in the number of revolutions. 

A Kingsbury thrust ‘collar is fitted on the after end of the 
Spider shaft; the thrust blocks in 
reduction gear casing. 

All bearings of the turbine and eaten gear are lubricated 
by the forced feed system. A pressure of about 40 pounds is 
carried on the. after 10-inch spider shaft bearing and the 
4-inch pinion shaft bearing. The high-pressure oil lubricates 
the 4-inch pinion shaft bearing and then passes through a hole 
in the shaft to the pinion gear. Oil holes are drilled in the 
pinion gear to communicate with the oil hole in shaft, and the 
jubricating oil is distributed to all the gear teeth’ from the 
pinion gear. High-pressure oil from the after 10-inch spider 
bearing passes through the spider shaft journal to oil passages 
in the spider which leads to the in Journaly ‘of 
the planetary gears. 

Lubricating at is led to all other 
bearings. 

~All main turbines and reduction gears were: 
at the Ford Motor Company's Highland Park Plant. As 
cach turbine and gear was completed, it was assembled as a 
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‘unié and on ‘a test Blodk ‘slid dived a _at least 
= four hours of which was at full power. ‘The load was taken = 
“by a 1,500 kilowatt motor generator. “The -main engine ~ 
‘auxiliaries—condenser, ‘condensate pump, radojets, lubricating 


10° 


oil pumps and lubricating oil codlers—were used in connection” 
~ this test., Plate XII shows (For de-= 
“til test see “Table L 
TURBINE DATA. 
Nomber-of rotor. whéels iniabead-tarbire sexi 
Number of rotor ‘astern tirbinie.. | 
__ First thins 
~ Width’ of blade, inch......... 
‘Length over-all, inches... .. 


Thickness: of ‘shrouding,. inch...<.: 


i+ 


“Width blade, -inch.. 


“Thickness: of shrouding,- inch. 
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Length over all, inches........... SB 


In the periphery of the rotor is a tee slot’ in which 
the are secured. 


», Diameter of diaphragm, inches.......... ed 


Diameter of inches. .. 


J) fis Owl 

itch of blades, “5 2.094 
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REDUCTION | GEAR DATA. 

Material. 

Housing enclosing gear............Cast iron, 
High speed pinion shaft. Chitome Vanadium sheet! 
Planetary gears............ ..+...Chrome Vanadium steel. 
Gear Vanadium steel. 
Low. speed shaft... . Chrome Vanadium ‘steel. 
Shaft couplings. Chrome’ Vanadium steel. 
Planetary gear .... Chrome Vanadium steel. 


Coupling pins in expansion coupling.Chrome Vanadium steel. 


Planetary gear, pitch ‘diameter, 
width, inches ............ 

Pinion gear, pitch diameter, ihe 5 
width, inches ett 


All bearings in turbine and reduction gear are of the self- 
aligning type setting on spherical seats. 


Turbine shaft, revolutions per MINUtE, 4,000 
Sun pinion gear, revolutions per’ 4,000 
Planetary gear on pins, revolutions per minute............. 
Line shaft end propeller shaft, revolutions 475 
BE 
SHAFTING LINE. 
Two sections of line shaft, length, feet and inches...... eee 13-3 
One section of tail shaft, length, feet and inches... ..5+++++41. - 28-9% 
Total length of shafting, feet and inches. “te 85-55% 
Rake per foot of shafting, inch.: 849 
Diameter ‘of fine’ Shafts, 6.25 
Diameter of tail shaft, inches............... 6,375 
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There is one right hand, cast solid, manganese: bronze, 
3-bladed machined to and Diame- 


SPRING | 


ey are two > spring bearings. supporting the line chatting 


‘ee of bearing, 614 inches by 12 inches. Lined with white 
metal. 


Lignum vitae bearings are at No. 92 and 

Lignum vitae strips, 11/16 x x 2 feet 3 pe 
Bearings bored’ out 1/32 larger’ than shaft 
Zines are fitted on both ends of strut 


(See Plate XIII for method of boring tem and strut cast- 
ings. ) 


Strut and stern castings are bored by a sscdaits pene 
motor-driven; boring: machine mounted ‘on: wheels, which run 
on the assembly track. Witness marks: for the’ alignment of 
the boring bar-are secured by reference toa weighted: :cali- 

“There is one main condenser of the 
type. ‘Inthe ‘lower half ‘ofits forward-end ‘and in the -upper 
half ‘ofits after’ end, the tubes: are made tight by ‘béing-ex- 
panded into: the tube sheets. ‘‘The*opposite ends of the tubes 
are made'tight by means of the usual stuffing box, corset —s 
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Cooling surface, square 9387 
Length of condenser, feet and. inches... 9-8 
Inside feet inches 4-10 


One main nozzle in 
i, One condensate pump suction; 
One auxiliary exhaust steam connection; HOF 
Trap drains; & 199i Sx: 

One safety -valve,: water: sdaledy inbide\diametor: 

One vent connection from condensate pump; 

| - Bleeder connection ; 

line revolution: counter) and. quick 

main’ injection connection on forward: water chest 

One overboard discharge connectionon ‘forward water! 
One drain on each chest ; 

i One thermometer connection on injection piping ; 

denser ‘by means of turbo-driven,! centrifugal. condensate 

pump and two Wheeler condensate, pump. is 

direct connected to a’4-horsepoweér Terry.steam turbine.of the 
q simple impulse type. This turbine has a fly, balltype governor — 

| which cuts off and-admits steam according to: the 

addition, there is an emergency. trip governor. which closes 
the steam admission valve. in: case speed .of ‘the turbine 
q a exceeds safe limits. The condensate ‘pump’ is*capable of ‘de- 


q 
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livering 30,000 pounds condensate per hour against'a head of 
60 feet horsepower and making’ '2,500° ‘révolutiotis’ per 
radojets remove’ air from: wie opie suction 
effect created by a series of steam jets: They cofisist of two 
steam ejectots: ‘working ‘in’ series; ‘the upper ‘afid''the 
ejectors constituting’ the first atid second stages, respectively.” 
operation Jive'steam ‘froma ‘reducing valve is delivered 
to the upper 6¥ fifst seties of jets. ‘ The steam exparids through 
these jets or expansion nozzles and gains a high velocity. . The 
jets of steam from the first stage pass across a suction space, ‘ 
i communication ‘with the ‘main condenser, imix 
and draw:air from the condenser with them.” 
mixture of air and steam enters a large’ 
called “the diffuser,’’*from where it is‘discharged/ at a’hivher 
pressurevthan at the original suction space, into a°double-pas- 
sage: chainber surrounding the! second’ series’ of ‘jets: 
steam entering the second series of jets expands? radially and 
_ leaves at a high velocity and collects the mixture in the double — 
chamber compressing it above atmospheric pressure in an 
anitular chamber ftonr' which’ it | is discharged ‘past “check 
valve to the feed anid filter'tank, 00" 
°"When' warming up” the ‘main’ engine! anid” 
by,” 'the temperatute of the’ ‘water ‘the feed” tank''is kept 
under the boiling ‘temperatute’ a! litie witha 
the ‘water inthe ‘feed tank’ 


recirculating line into. the, main, condenser where it is cooled 
by the main condenser circulating water. “The condensate 
ptimp discharges the water back'irito thie ‘teed tank ‘alongwith 
 the’condensed Steatii. nt bre obie mott bollstent are 
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double. inlet. centrifugal. pump supplies cir- 
culating; water, to the-main condenser. 'The-circulating. pump 
is arranged to take-its suction from the,sea| through the main 
injection casting or, by closing the main injection valve, the 
bilge suction valve, may. be orn ‘and, injestion, water taken 
from, engine. roam bilgess; yd 

., The main. circulating pump. is s direct connected to a oe Z N 
23. horsepower. Terry. steam turbine and.is,capable of :dis- 
charging, 3,600: gallons of water per minute against-a, head of 


hey 


‘min 225 square. feet. of cooling: The 
condenser is, mounted upon a direct acting; combined air and 
cirenlating, pump; having a 5-inch steam, a.6-inch air, and a 
&-inch.'water cylinder... There is spring-loaded: :valve on 
the auxiliary to for the 


if 
he feed. and. filter tank j is located. i in the forward starboard 
ale of the engine room. It is, built, of steel; plate, 3/16 inch 
thick... A. perforated. plate separates the. filter tank, from, the 
feed tank proper. .The filter tank; has. the, following, connec- 
tions; One condensate, pump discharge, one, air, ejector. dis- 
charge, drain pipes from coils and traps. The feed.tank has 
the following. connections:, Feed .suction,.,.drain ; line,,,from 
auxiliary, machinery, drain, cock, vapor -escape,..water gauge 
glass. fittings, boiler, compound to, - 


“The ship's have a capacity -of 2,400 gallons, Filling 
lines are installed from “ s side and from the distiller, fresh- 
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water pump. Water is! supplied to gravity: by ‘a 4-itich 
horizontal hand pump located in'the‘engine' room!" 
75-gallon gravity tank is located in the galley.’ Branches 
to-a faucet for galley ‘use and toa ‘faticet outside the 
galley for bucket ‘use. Officers’ staterooms are’ provided ‘with 
running water from: the: galley fresh-water tank. “Phere: isa 
MAIN AND AUXILIARY FEED. SYSTEM. 
There are two’ Blake-Knowles simplex, vertical, - double: 
reciprocating main feed pumps (9 inches 6 inches 
12 inches), ‘secured to a heavy standard in the forward star- 
board side of the engine’room. The feed pumps ‘take their 
‘suction from either the feed tank; the reserve’ feed tank, the 
. ftésh-water tank, or main condenser through ‘a double-suction 
manifold. ‘The'steam lines to the pumips are fitted ‘with Ideal 
pressure governors, and there is a | relief valve 
on n the chamber of each pump, 


38-inch ‘eopper ‘line, which leads’ to No: 12 Reilly heater 
secured to the forward engine room bulkhead. (This heater 
is capable of ‘heating 31,000 pounds of water per hour from 
80: degrees F. to 215 degrees F., using exhaust steamat 10 
pounds, per gauge.) ‘The main feed'line passes from the feed 
heater through the forward engine room bulkhead ‘into the 
fire room. Here the féed' line ‘branches into’ two 38-inch 
lines, with a 83-inch high pressure gate valve on each ‘branch. 
‘The right hand is the main feed line; and from a’ tee: it 
branches into two 2-inch lines which lead to the main feed 


lead to the’ feed checks. 


forced feed lubricating’ oil ‘consists 
equipment : 
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One oil storage tank of 250 gallons capacity ; iy 

Four oil return, tanks of about,114 gallons 

One oil-treating.tank, three sections, fitted, with heating cil 

filtering cartridges and.a settling space; ..... 

Two Kinney, turbo-driven rotary, oil: service ong 

One twin,oil strainer in discharge piping 

One strainer. of the: McComb. type in the: suction piping ip 
service pumps; 

Two vertical Multi-whirl oil 

One 47-inch 5-inch,< 6-inch, single; 
oil cooler pump; , 

Electric flometers on each, lead to 

oil stops flowing for any. reason, the; 3 is 

pss ‘by a light on the gauge board. Each discharge lead to 

bearings is, fitted: witha Pitot tube. which shows the volume | 

and the of oil flowing in pipe. 


| 


BOILERS. 


There are two oil-burning boilers a the ‘Boren of Sait 
Engineering express type, arranged in pairs in.one compart- 
ment, as shown on Plate XIV. Plate. XV shows a boiler, with- 
out casing or fittings... Nearly. all of these boilers were. built 
at the Ford Motor Company’s Highland Park Plant... These 
boilers were assembled) with their casings, brickwork and_fit- 
tings on the fit-out.dock.., were then ‘picked up a 
locomotive crane and lowered. into.place:, 

Each -boiler. has 24 rows.of. tubes; 12 on each pring The 
first. two rows of tubes next to, the combustion chamber. are 
134 inches. outside diameter and) the. others, are,.134 inches 
outside diameter. , There are) 114.0f the former,and 950. of 
the latter. There is a fore-and-aft division plate, mside the 
smoke pipe extending from the uptake to within a few feet 
of the top of the pipe. This is necessary in order that work 
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BOILER 
Working: pressure, pounds.............. 250 
Height-to top, external, feet and inches. 10-14% 
Length at floor plates, feet. and 
Width, at floor plates, feet and inches..................cee00 9-10 
Number’ of furnaces to each boiler...... One. 
Furnace*volume—each boiler, cubic 163 
Heating surface—each boiler, square ‘feet: | 1,500 
Area through smoke pipe, square | 96 
es main feed stop and check, inches........... THIER | 2 
safety valve (two) duplex—each, inches......:. 
Height funnel above floor plates, feet and inches........... 43-234 
Air pressure carried at full power, “8 
Steam space, each boiler, cubic feet, about..............s005% 32 
_Water surface in each drum at steam level, square feet, about... 25% 


MAIN AND AUXILIARY sreait PIPING. 


Main’ steam piping is sentpiies drawn steel 203 mils thick: 
all joints are Van Stone. A 39-inch: ‘main steam pipe ‘from 


each boiler combines in the: fire room into one 5-inch line - 


which runs aft to the is a bulkhead stop on 
this line in the engine room. ; 

A 23-inch auxiliary stead sabe from each boiler combines 
into one 34-inch line in the fireroom which leads aft through 
the engine room bulkhead where it branches and makes a 
loop around the engine room*There:is a stop valve on this 
line at the engine room bulkhead. 

There is an automatic quick-closing stop valve on the main 
and on the auxiliary steam piping in the engine room just 


| 
| 
i 
i 
| 
i 
| 
q 
| 
| 


839 


U.'S. EAGLE BOATS, 


~ 


> - 
; 
- 


‘ 
4 — 
Tells 
res 
B. tue 
f-*}5 
¢ 


840 U. SoS. EAGLE BOATS, 


abaft the stop valves, which, when operated, will shut~steam 
-off all machinery in the ship. (Plate XVI shows a line sketch 
of these valves and piping.) 

The automatic quick-closing: “salves are of the balanced 

type with a piston working in a cylinder at the end opposite 
ri valve stem. The valve stem andswheel is similar i in con- 
struction to the regular navy automatic stop valve. The valve 
wheel is secured to a threaded bushing working in a-threaded. 
cross-piece supported on studs in the valve bonnet. The end — 
of the valve stem.works inside this bushing. When\a key i is 
inserted through the bushing and valve stem, the valve can be 
opened and closed in the usual manner... When the key is 
withdrawn the valve is. under automatic control —* a sta- 
tion in the engine room or the-pilot house. - 

Thesevalves are automatically opened by. steam 
pressure'to the back of the balance piston. The:valve is auto- 
matically closed by placing the back-of. the balance piston in 
communication with the main condenser vacuum. This is 
accomplished by a small master or pilot valve operated pnew- 
matically from the control. stations. The-pilot-valve is oper- 
ated by : a small air piston. When the operating valve in the 
enginé room or pilot house is turned to a given position, air 
is admitted to the air piston. The air piston moves the pilot 
valve so that the steam pressure is cut off the back of the 
balance piston in the quick-closing valve. At the same time the 
pilot valve places the back of the quick-closing valve piston in. 
communication with the main condenser. The partial vacuum 
back of the balance piston causes: the valve to close. The 
valve remains closed as long as prieumatic pressure holds the 
pilot valve in this position. When it is desired to open this 
valve, the control valve at the operating station is placed in 
such a position that the air pressure behind the pilot valve air 
piston is released to atmosphere. A small steam piston which 
always has steam pressure on it now predominates and moves 
the pilot valve back to its original: position, which cuts off 
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communication between the back of the balance piston and 
the main condenser, and, at the same time, admits steam pres- 
— 


The forced draft installation consists of ‘two ‘Scteoeal 
_ special type Z N Terry, two-bearing turbines, with extended 
shafts, mounting 26-inch semi-silent Green fans. The tur-. 
bine is designed for 250: pounds: maximum pressure and 10 
pounds back ‘pressure, and will deliver 19 horsepower at about 
1,860. revolutions per minute, which is the tye ni 
for 7,500 cubic feet per minute.’ 


_ AUXILIARY EXHAUST PIPING. 


exhaust line i is a 8-inch copper. pipe 
makes a loop around the engine room with branches. to the 
auxiliaries. It also has connections to the main condenser, 
auxiliary condenser, the atmospheric exhaust line, first ahead 
pressure stage of the main turbine, feed water heaters, and 
steam coils of the evaporators. There are spring-loaded valves 
in this piping to the main condenser ‘and to the auxiliary con- 
denser for regulating the back’ 
piping have Van Stone joints. 


| FUEL-OIL SySTEM, 
service pumps, one auxiliary fuel-oil service pump, a Reilly 
fuel-oil, heater, valves and piping as required. .The service 
pumps are the Kinney, turbo-driven, rotary plunger type... 
fuel-oil, suction piping is so,arranged that the fuel-oil can! be 
pumped from any one compartment. to any other, or over- 
board, with the booster pump... The service pumps take their 
suction from the booster pump or direct from the fuel oil 
compartment. Suction piping has. Van Stone joints. 

pressure piping has flanged metal to metal joints. - 
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auxiliary fuel-oil service:pump is'a 4-inch  234-inch 
5-inch simplex, direct, double-acting, reciprocating’ pump, 
manufactured: by the Union Steam: Pump Company; installed 
on starboard side aft in fire room for \port use. -It has ‘a 


connection to fuel oil suction manifold and discharges into the 


11-inch, 12-inch Westinghouse standard: air compressor in- 
stalled on the port side of the fire room, witha 2434-inch' 
78-inch air reservoir... Pneumatic lines lead from the reser- 
voir through the machinery spaces with convenient connec- 
tions for blowing boiler tubes, air atomization for galley range 
tools. 
consists 
‘Two high-pressure, Reilly evaporators the 
submerged, multicoil. 
One vapor separator ; as 
Two vertical, multicoil = 
One distiller test tank of 50 capacity;- 
One 3%-inch X 4-inch 4-inch distiller ‘fresh-water pump ; 
One 7-inch X 7-inch X 12-inch distiller circulating pump ; 
One evaporator feed water heater. 
»/The rated capacity of the: plant is 2,500. per day 
The system is provided with reducing valves on steam to coils, 
and traps to take care of coil condensate: Provision is made 
for supplying steam coils with'steam from — 
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Type. ... 6 Reilly, vertical, (submerged). 

Height over all; feet.and inches. 


Diameter of steam nozzle, 1% 


One Distiller. 


Noes Reilly, vertical, multicoil 
Cooling surface, Square! feet. (19.85) 
Diameter of Vapor inlet, inches. . | 


it os tw ebro 


Feed, Water Igzzay 


There is one type “ D’” No. 2’ Reilly, vertical, multicoil feed 
water, heater’ located, room. above 
the evaporators. Gol in STRISGO OF 
Height over all, feet and inches. 
Diateter of coilspinchy 


Heating. surface, s Mare feet. 
Diameter vapor inlet, “inches 2 


- 
vin 
} 
\ 
oa 
. 
i 
4 
é 
¢ 


844 U. BAGLE “BOATS: 


REFRIGERATING INSTALLATION. 


One Audiffren-Singrum, one-half ton, sulphur dioxide re- 
frigerating machine with cold, Storage box is installed on 


side’ just frame 50. . The York; one ton 02, 


refrigerating machine is installed on Eagles Nos. 51 to 

| A. pneumercator system to indicate the. level of oil in the 
4 fuel oil compartments is. installed i in 1 Eagles Nos. 8 to 56, 
inclusive. 

_ STEERING GEAR. 

q . A steering engine of the Williamson type is installed on the 
q after. engine room bulkhead. ‘This steering engine is of the 
two-cylinder, differential valve type, operating at 125 pounds 
q pressure. 


steering gear is of the right and left. screw gear 
The main steering gear control is located inthe chart house. 

- A hand-steering wheel is located on ‘the after deck house. 
- The steam steering gear is capable of putting the rudder 


from the hard-over to _—e in cpa! seconds when the 
vessel is steaming at full 
} 


The anchor atwo-cylinder, differential valve type, 
designed to operate at 125 pounds pressure. It is located ‘on 
the deck forward of the forward 

4 For the boiler room, engine room 
q immediately forward of the boiler room, a 8-inch galvan- 
4 ized pipe is led through these compartments and ‘connected 
k with. the fire and bilge pumps in the engine room. Branch 
lines are taken. from the drain piping -and’ led'to the lowest 
point of the compartments and fitted with strainers and stop- 
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valves. are located in forward and after ends 
of the engine room and fire room, The compartment for- 
ward of the fire room has one suction. There is'a six-inch 
suction and piping in the engine room to the’circulating pump, 
which can be used in freeing the engine room of large quan- 
tities of water. There is a 2-inch steam ejector in the fire 
room with a suction in the bilge, and one in the crew’s quarters 
aft with a suction on the platform deck.’ Other compartments 
are fitted with stand pipes with connections on. pie tonn 


FIRE. MAIN... 


‘The fire consists of 214-inch galvanized piping which 
runs directly under the main deck from frame No. 31 to No. 
It connects to two 7-inch Y-inch X 12-inch vertical, 
double-acting, simplex Worthington Blake-Knowles fire and 
bilge pumps located in the engine:room..: Cut-out valves divide 
the system into a forward and an‘after section. Risers with 
cotinections lead from the fire ‘main so that every point in the 
vessel may be reached by a 50-foot length of hose. Water for 


‘ing range, to .use. either air. or steam for atomization, 
two'steam aluminum kettles of twenty gallons each, one coffee 
urn of twenty gallons capacity, a dresser with sink and steam- 
heating pipe, and a. fuel. oil tank with a hand-fuel oil supply 
pump taking a suction from the fuel otk moni fold in the for- 


4 


__2  Shafting, including casings, denies. ‘balts. 5,954 
Be stuffing boxes:and fairwaters 1,294 
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Condensate pump with motor air ‘Sectors. 1,021 


12 Stearn and exhaust pipes yalves?i 


14. Asbestos pipe covering and clothing... 
16 Auxiliaries—Main feed 1,900 

Waste, oil and’ other -smialt tanks 
é Gear for o rating. valves. 
) Feed: water’ heater 
feed’ heater’... 
19 Tools, stores and spare parts (not! installed)........ ae. 
20. machinery—Air compressor, tanks 
jitesimots 10} © Distitting) 


Refrigerating plant, including ice-box,. adits tey 


Fuel oil pumps, piping, heaters, etc......... 
Lubricating oil pumps, piping, coolers, etc...........+..+: poe 
_ Auxiliary condenser aud 
Standby: pumip 2 
Fuel ‘Oil’ suction piping to tank.” 273. 
Piping, lagging and fitting on auxiliary condenser lines... .. 1,229 


Total,’ pounds, 2208 007%, 
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are two General El ectric 10 kilowatt turbo 
direct connected, 125 vol ts, “4,000 revolutions per minute, 
The turbines are designed to operate on full boiler pressure 
and 10 pounds back pressure. 

The main switchboard, distribution panel, and battery 
charging panel are combined and are located near the gener- . 
ating sets in the engine room. There are three lighting cir- 
cuits: general, battle and auxiliary. The wiring is Navy 


‘Standard. 


The auxiliary lighting circuit is arranged to cut in auto- 
matically when the quick-closing stop valves are thrown. This 
circuit is energized by two sets of storage batteries, 32 volts, 
210 ampére hour capacity. The auxiliary lights are distrib- 
uted in parts of the ship where _ is essential in case of 
emergency. 

There are two 4-horsepower, 32-volt, ventilating sets for 
forced ventilation. They are operated normally on the 125-volt 
circuit through a series resistance, which is automatically cut 
out by relays when it is desired to run on auxiliary circuit. 

The radio installation consists of a 1 kilowatt Navy Stand- 
ard telegraph set and a radio telephone set. Both sets can be 
controlled from the pilot house. The radio telegraph motor 
generator is located in the engine room. ‘The telephone is 
energized from the battery circuit. 

In addition to the counter gear, there is an electric tacho- 
meter, mounted alongside the gauge board, which indicates the 
number of revolutions the propeller shaft is actually ‘making 
and the direction of rotation. The tachometer magneto is 
driven from a split gear on the propeller shaft. 

Reports which have been received concerning the operations 
of Eagles r, 2 and 3 which have been doing duty in the White 
Sea state that those boats have been doing despatch duty 
between Murmansk and Archangel, each cruising about 8,000 
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miles at a standard’speed of 14 knots'in waters full of floating 
ice, that they have satisfactorily carried out target practice 


ata speed of 17 knots, and is aa they are satisfactory i in all 
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REMARKS ON THE PROBLEM OF IMPACT 


By N. W. AKIMOFF, AssocraTr. 


The of impact’ contains many elusive pot. In. 
an average text book it covers but a few pages. ‘of Pek and 
we are started off with the following hazy notions :~ 

1. We kriow ‘something, ‘about the coefficient of 

2. Carnot's theoremiis ¢ given to us as a firm basis for solu- 
tion of almost any problem: kinetic energy, lost i in impact, is 
equal to that, due to lost velocity. ‘This, as a rule, is not so at 
all, in ordinary j problems of-life, although, in itself, from the 
standpoint of theory, Carnot’ theorem is, of course,” ‘quite 

3. We also TeAviae well, as a rule, that in impact some- 
thing is just twice the value it would have if the force were 
applied gradually.- “Whether. this; something is the stress or the 
deflection, and what ‘the other conditions of the problem are, 
does not- matter 5 but the ratio ‘itself, twice, survives longer, 
generally, than any other notion acquired in the : school; and 
we are actually apt to hypnoti ourselves into the belief that 
a weight of 2 pounds if dropped on the floor from the height, 
say, of 5 feet, will produce the force of blow exactly equiva- 
lent to a 4-pound weight gently placed on the said floor. 
Anyone who wishes to be cured from this absurd notion is 


In the idea of of and the 
associated one, of work of blow, meat absolutely nothing; in 
themselves,'\stich things do not exist: It ‘is' like that? other 
commonplace question one’ is‘ often asked, in ‘reference to’ a 
wound ‘music-box’ spring : how many horsepower is there ‘im 
such a spring? There can positively be no answer’ to’ such a 
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question in itself, unless one knows the rate at which the work 
will be given out by the spring. 
The object of. these few. pages is to illustrate the above ‘in 


an elementary manner. Some of the , atguments have been 
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1895 ),, while,.the drop. experiments, have: been, performed, in 
writer's Laboratory, by his assistant engineers, ' Messrs. F., G, 
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well-known theorem of dynamics, ‘that Fr== mv; in 
other words, the product of the force by the time, during which 
the force acts; is equal to the momentum’ acquired ‘by “the 
body (or to’ the-imcrease the ‘was 
‘The graphical of be’ as 
follows: If forces are laid off as ordinates (Fig. 1) and time 
on 'the ‘axis of ‘abscissae;' it’ is evident that: the area of the 
rectangle A-C will represent to a certain scale the momentum 
imparted to the body by the force OA which has acted'‘through 
the time-interval OC. ‘Similarly, the'area'of the réctangle BD 
will represent an increase of momentum, due to the’ (suddenly 
increased )' force, BC; acting during the time-interval' CD; étc. 
This can; of course, be extended to gradually varying forces, 
in which case the upper boundary would be a ‘smooth curve. 
In other words, momentum ‘can always be represented as an 
area; hence the conelusion, that, being given a certain amount 
of momentum (a certain area) we are at liberty to imagine a 
great’ variety of with of 

For’ instance, if: i, by the: body (or 
lost, for that matter) is expressed as OB (Fig. 
this may have been due: 

1. To the ‘constant force OA, dictibly Oc seconds. 

2. To the decreasing force, varying along DEB. 

3. To the uniformly increasing force OF. 

“4. To the variable force GHK; 8! 

with the only proviso, that’ the area OB is 

Furthermore, we do not ‘have to limit ourselves to the same 
time’element OC, but can readily imagine that thesame area, 
OB, can be built ‘up on-a very ‘short °time interval, which, of 
course, would bring into play much greater forces. Thus, 
in order to acquire’ the’ velocity of 2,500 feet per second, 
shell must be let fall during: practically 78 seconds; the same 
shell, acquiring the muzzle velocity of 2,500 feet per second, 
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in say, one one-hundredth of a second, must be acted upon by 
a force 7,760 times the weight of the shell (assuming, for the 
sake of illustration, the latter force tobe constant, which 
means that the maximum. force may have been even greater). 
It is quite clear, therefore, that the action of an instantaneous 


force’ (which, in reality, mean quick-acting force, and) not 


mathematically instantaneous one) in no, manner differs from 
that of a force.acting slowly ; only, the magnitude of the latter 
will naturally be. high, ‘because the momentum area A to. be 
maintained... 

Now, as to the ‘the: Frepth 
Descartes wrote, as far back as 1640, the following lines in a 
letter to\a friend: “‘.To,determine how much weight would be 
required to-equal the force of a hammer blow, is.a question of 
fact, where pure reasoning is of no. avail without experiment.” 
Such an experiment, in the form suggested: by Pref. Bouasse, 
can be performed as follows. (Fig. 3): The right scale-pan of 


the scale P has been removed, and its weight made up. by — 


means of the counterweight K ; on the string S is. suspended.a 
button B and a sliding weight W. The left. pan,.is loaded 
with the weight D which is heavier than the combined weight 
of W, S$ and B, so that the left pan is in contact with the rest 
R. If there is such a thing as force of blow, it.is natural to 
suppose that the weight W, lifted through a certain height, 
and then dropped.on the button B, thus producing the effect 
of a force, will lift, momentarily, the left pan from the rest. 
As a matter of fact, we observe nothing of, the sort: the 
height 4, alone, does not mean: anything definite; ‘the effect, 
the force of the blow depends. on; the elastic properties of 
the string S. If. the height h has been. found for an inexten- 
sible string, it. will not produce the desired effect if.a yielding 


string is substituted... In other, words, the momentum. ttself. 


- tells.us absolutely nothing with regard to the force of the ay 
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In some of the text books the conditions prescribed are such 
that they positively cannot be met with in practice, and a great 
deal of harm is thereby accomplished to the student’s mind. 
With regard to.the action of impact on beams, the following 


_ general remarks may be made: if the load W is gradually 
applied, the deflection will increase gradually, and will reach | 
some final value f; if the same load is applied suddenly, the. 

deflection will momentarily reach the value 2 f, and, of-course, — 
the corrésponding stress will be twice the value due to gradual — 


application ; however, the beam will quiet. down, after a few 
vibrations, to the same value fas before, and the stress will 


' be decreased accordingly, ¢.e., to one-half of the maximum 


value. All this applies to the sudden application of the weight 
W, not of any greater load, and-not to dropping of W from 


~ any height; for instance, let the load. W rest in contact. with 
the beam, while its actual. weight is taken up by a string; if 


now the string is cut, we have. the case: of.a sudden applica- 


tion of the load W. To this we might properly refer as 
dropping from zero-height. If dropped from greater height 


than zero, the weight. will develop much greater stress: and 


cause a greater deflection than the values we just had.. How _ 
much greater, depends on conditions (see excellent, papers, ‘by 


H.. D, Tieman, “ Journal Franklin Institute,” 1909, also. 


| Armin Elmendorf, ibid., 1916). . 
rule, the formul, given by St. Vera, 


results : 
where fh is the maximum deflection, due to dvopping of the 
weight. 


static deflection, corresponding to wradual applica 


grog tion of the same load, . 
velocity of the load when the 
 ‘m. ratio of weight of the load to that of the beam. 
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‘m ‘correction: coefficient, depending ‘on the method of 
& of’ the etids of ‘the beam; also on ‘the 
location of the point’ at which ‘the beam is. struck 

490, 

“This: formula, ‘means Both 
. ‘hi inertia of the beam’ and the conditions ‘of the ends have 
something to do with'the value of the greatest deflection n (and, 

of the greatest ‘stress ) due to the impact.” 

» As regards plates, stich as floor slabs, armor plates, ‘etc., the 
nfatter has not been sufficiently worked’ out, so far; it is not 
unreaonable to suppose that the same methods’ would apply; 
first, we would assume that the form of the deflected surface 
would not greatly differ from that. due to static load; we know ~ 
enough about ‘deflections of plates to-work this out ; next, we 
would determine the potential energy in function of this de- 
flection; finally, the latter would be made equal to the potential 
energy, due’ to the following load. The correction, ‘taking 
into consideration the end conditions and the location of ‘the © 
point of impact, would have’to be made along the same lines 
as was done by St. Venant with regard’ to’ 
is difficult, but it most certainly can be done.’ 

The experiments made in writer’s Laborktory 
set of drop tests, in which the tedt piece p (see plate)’ ‘was 
struck by the sharp point ¢; ‘forming part: of the tup t; the 
latter was dropped from various heights, ‘as given in the — 
appended tables. The test piece was resting on the stand a, 
to which we shall refer as anvil, and was made of the follow- - 
ing material: hard rubber (valve disk), lead and hard babbitt. 
In some of the tests the anvil was firmly secured to a heavy 
cast iron foundation plate; in others, the anvil was placed 
upon various shock-absorbing substances, such as’ soft rubber ; 
insulating cork; three soft springs ; the characteristics are given — 
below. The “ sharp point” ‘C'was the apex of a cone, of the 
following angles: 30 degrees, 45 degrees and 60 degrees. The 
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Assistant PROFESSOR oF MATHEMATICS, WEBB ACADEMY, NEW 
stom Senn i if, 
YORK. 


~10992 to aeont nose Of 
Engineers have for some years recognized that; ‘onthe saree 
able conditions serious: torsional vibrations may occur in the 
shafting ‘of ‘ships: ‘The most’ 
ascertained are briefly as 
The turning moment of the engine’ is’ ‘to! 
variations. '»This period is some multiple of the revolutions, 
‘depending upon the type of ‘engine and numberof cylinders. 
In case of doubt as to the period of the principal’ variations, 
Fourier’s Series. * * / See “Synchronous Torsional 
Vibrations Hermann’ ‘Frahm, JourNAL oF 
THE AMERICAN Soctety or Naval, ENGINEERS, Vol. XIV. 
Every shaft has one or more natural ‘periods of torsional 
at both ends. ity to 
When sériod of vibration of the 
_ the period’ of variation of the turning moment of the engine, 
the’ vibrations ofthe shaft tend to increase in magnitude, the 
stresses'in' the shaft due to ‘these vibrations increasing! until 
fracture may ultimately occur, Vibrations may'also be caused 
by irregularity of the'turning moment ofthe 
‘oIn the design of shafts we should therefore avoid’ this syn- 
chronism and be certain before the engine is 
that these vibrations will ‘not occur. 
"To-do this it is necessary to have for: rents & kal- 
culating the natural period of torsional vibration of any shaft: 
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The methods of calculation hitherto proposed are applicable 
“only to a very simple case, namely, a long length of shaft to 
which is fastened at, either end a heavy rotating mass, pro- 
peller, engine, turbine, or something similar. Turning to 
Fig. 4, the shafting of U.'S. submarines’S-4 to S-13, it is seen 
that we here have a shaft that can not be considered as even 
approximating to this simple. case, These methods will more- 
over determine only the period of first order vibrations, or 
those having one node. As will be seen later, those of secon- 
dary. order; or two!nedes, may. be just:as | 
We demonstrate in this: article: a. simple: graphical method 
ior determining. the natural period of, torsional vibration of 
any shaft, no matter in how. complicated:.a, manner the: dis- 
tribution of \the rotating. masses or the, stiffness of, the shaft 
itself, may.vary, fromjendto It will moreover determine 
with, equal; ease the period. of., the: vibrations of, or 
even higher\order, if thatiis requireds!; 9) 
Wepwill discuss, first the three. guages properties shaft 
that determine its period: They are:* * 
GAWAUO | The, inertia of the 
VIX Jo The stiffness... * THI 
coleot jo Thedength, om 40 esl tisde 
9 he the is the: mass 
polar moment of inertia. The amount of this.mass! polar 
moment, of inertia per, unit of} Jength. will, be denoted by: 
_ The, stiffness:.of the shaft;is measured. by. the) product, GJ; 
where J, isthe moment-of inertia jof; that portion, of shaft 
that, takes. torsion, and. |G is the . coefficient jof, elasticity. for 
shearing. For a section:of simple,shaft to: which nothing. is 
attached: it follows; that Jy == wrbeing: the-unit: -weight of 
the: shaft! material: Jf; on, the shaft ;there fastened,(an 
armature;or) other: mass so. that; Jw: does; not. that 
shaft is said to be adoaded shaft. 
of the product GJ,as.a measure of, stiffness fllows 
directly from the formula for the deflection of shafts!) oc) 05): 
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length shaft. |. vd bebivib qoie edt to 

» torsional. defection in 98 i tot ineleviups 
That @ given twisting moment 
and length is inversely proportional to 

It may happen, as in wayjof the cranks of an engine, that 
GJ, has no direct meaning, If ‘Wwe can determine the tor- 
sional deflection: of such, a, shaft, under, any: given, twisting 
moment we can determine by formula (1; an.equivalent GJ», 

We will, define step, variable as, being ,a. function, which 
remains, constant for a.certain, range of the independent va- 
riable and then jumps to,a new, constant value. for the next 
consecutive range, and so.on for its entire length. 
of some such. function sight | 
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choosing suitable -poblits every: shaft may be 
'- considered as being a step variable. 

Over each section or step both 
as being constant. Unless ‘both, the shaft and its load are of 
‘uniform dimensions throughout the step; they will, of course — 


; 
& 
; 
i 
| 
: 
: 
i 
| 
} 
| 
j 
| 
‘ 


860 TORSIONAL, VIBRATION OF IRREGULAR, 


not be constant. In this case equivalent constant values can be 
calculated. 
The equivalent J, is equal 
inertia of the step divided by the length of the step: (<>! 
The equivalent GJ, for the*step i$ determined ‘by ‘finding 


arti > 


will ‘be the’ equivalent ‘value, ‘The reader: will ‘ote the step- 
page for the'shaft in’ Fig.'4.° 
calculator ‘must tusé his’ ‘in the break- 
ing points; ‘that’ the ‘eqitivalent’ shaft’ obtained: will 
approximate to the acttial one. 
“In general the use of ‘steps of too short a’ length will involve 
‘a great deal more’ ‘labor’ without any’ compensating gain in 
accuracy. 
We will now proceed to the mathematical demonstration a 
the method. 


Let M = Twisting moment in shaft. 

GJ. as previously explained. 

6 = Twist of shaft in radians. 

x = Length variable for shaft. ta ctf} 

= Gravity constant. | 

=| Mass polar moment of inertia per unit of length. 
— ngth of any step | 

er any step and take a section of length dx. Let the 
increment of twist in the le ox. be Then 
equation (1) we get AS 
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"Let the acceleration of this sec ou be 


“Phen the increment ‘of twisting moment the ox 
due to the —_ forces will be we 

aM x 


Pati (a) and (3) we get. 


ts isititets 


siisy 


“aids dy 


Equation jin the form of, equation, for all 


harmonic. motion, We, are. only, interested however 
harmonic motions that; can take Phage 
or simple harmonic motion the general, equation i is 


etry 


is the time of dscillation, then the familiar 


solution of (6) is given by 
th) 


_ Or, if is the, number of complete vibrations, per second’ 
s Sistle off to bad of tol 

; gin to talog to gaits 

Squaring ts oft 2i 14 Li 

So that %, 

6 


2@ - 


Substituting (8) in we 


The general (9) is given bythe 


6 =acos(px +7 
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From by differentiation 


Fa ree, (12) 


a, B asd Y are constants. ‘They must be determined for 
each step so as to satisfy, first the “differential eqtiatidn for 
that step, and second, the:énd. cofiditions for that step. It will 
be noted that , the Vibrations per'sécond, which is the answer 
we are seeking, enters into equation (9): It will therefore 
enter into the constants 6 and’ i in.every step. The value of 
n, which enables us’ tO satisfy’ every differential equation and 
every condition ‘thitoughout ‘the ‘entire’ lenigth’ Of ‘shafting, 
Will be the Ssélution’ Of the problénr Which ‘Seeking! ‘To 
simplify the explaftation’ we ‘will assume forthe ‘that 


 ssSubstituting (10) and (12). in (9) and simplifying we get 

Or 

We will investigate first thie end conditiotis at ‘the beginning 

of the shaft. Let there beifastened to this end of the shaft a 


rotating mass of polar moment of inertia Dasicis . 
Then if M is the twisting moment at this end 2388p 


Lit 
M =<. tart o 
Bquating = (18) 
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608 290 edt ts serwok 


O== 


30 


=: 
Substituting these values in (18) sa get 


372. 
Since we are considering the beginning of the i ri 


to t 2 « 


“This is the condition to be ‘satisfied at the*beginning of the 


b tipnpe seerlt wod words, wou, Ili 
f nothing is. attached to the shaft at this point, re 
_ dages to, Zero. of isups AO 


We, have, now determined. the constants, and, bY ‘the first 
step in terms of n and the known. properties of, the shaft, a 


can haye any, value for this step, ; It is, a;measure of, the ampli- 
tude of vibration at the beginning of the shaft. 

We will now investigate’ theend: conditions for the second 
step. We will use the initia isto denote ‘the first wept 2 the 
second step, etc 


ing. oF Instneynon 9d mi off T 


_ From (15). ul at . 


Vg G, Jss 


=G Jn Ass 


Substituting the values for' dfs (11) and 


+7. 
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Likewise at the beginning ofthe second step, his 


point x =o 


(11) 
Tals sin 7, (24) 


tou sw vg. <7 

1, being the length of the fir step. _ 
The turning moments ‘on ea vside.. of the break ‘are 
Therefore equating Mi and Ms and we get 


W 


» Also at the break the deflections mustibe equal, or 


We will now show how these equations and conditions 


expressed graphically. Turning’ to Fig! ‘2° we ay 


off a distance OA of length equal to unity. ray’ “off a per- 
pendieular AC’ ‘equal "to ‘tan 7 ‘as’ “given by’ ‘equation (20). 
Then'/’ COA 7 ai OC & 

‘Substituting the value of B given by (45) we get” 4 


The are in dt will be convenient to put 


In degrees. (ex) mor 
| 
co ny. bus (28) 


499 Sw (SS) (Ts) 
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each, step..,.We the angular function and.,denote 
it by the symbol, 


rat ats Vg J (30) 


being the length of step which we are 
working. 

To satisfy equation (29)/graphically we then ny off from 
OC an angle in degrees equal to © #,and draw the are 

Erect a perpendicular DE. Then if OA represents the 
deflection at the of the shaft,’ OE, will*fepresent' the 
deflection at the end of the first step. 

Let DE‘be dénoted ‘by Lay offa 


Tt is now, that OF FOA.= ‘or equation 
(26): is thus satisfied and since 


we equation (25). 716 

~ Lay’ off tiow ftom OF ati anigle ©, ‘and’ the 
second step ‘until the’ end of the ‘shaft’ is reached, Say on, the 
line OJ or OJ*. “At this’end of: the shaft suppose’ there to’ be 
attached a’ rotating mass ‘of ‘moment ‘of inertia’ J,. ‘Then’ if 
M, is the turning moment due to the acceleration of? “this 
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Equatirig (82)/and (88) and proceeding inthe’ same manner 
as by which we derived equation (19) we 912 


(og) thin Pate Vg Ge hue Jwe 
. The subscripts denoting the end or last step, , 


(38) will be satisfied if 


ey 4G 


4 


yo 
2 


Jse 


te Ol 


nothing is., attached: this end_of shaft fe + fe 
will equalz + mr 


Now for each value of the integer m some value of n will 
satisfy all the equations. and end conditions throughout the 
shaft and will therefore be one. of the natural periods of 
vibration of the shaft. When'm'= 0, n will bé the ‘period of 
the vibrations of primary order, for we sée from the ‘polar 
diagram that g will pass. saad the 0, value once, that is, 
there will be one node. When m ==.1 we see that 9 will pass 
through the 0: value twice and ° we will have vibrations of 
secondary order. (gs) nolisups boitaitse vad sw 

We) wish to find, then, ithe. values ‘of; n. by. which: the .con- 
strugtion in the polar diagram, will cover,;a multiple, of 180 
degrees,.,..[f,we are solving for primary vibrations) we wish to 
cover,/480 degrees; third, order,.540. 
degrees, ort of onl et 

The value of which will do this is determined by, trial, and 
error. 

_ We will now review dhe agtual procedure of calculation for 
easy reference. 

(1) The shaft is divided into-steps of suitable length. 

(2) For each of thése steps )an. eqnivalent J, and 
catenied. In other words, we have substituted for the actual 
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equivalent (shaft made.up.of steps..of uniform, size 
and loading... Note that; masses:attached, to the extreme 
of the shaft are not considered as belonging to any step. ., 

equation (30) 

And the break’ function by equation (31) 


(4) If to the ends. ds of the shaft rotating masses are fastened 
calculate for cava the tahgent — given by equation 


(20) or (34) } 
(5) ike end\of the shaft bs Bs beginning and the 


other as t and calculate! for éach break. the ratio of the 


break ee temon the diagram of the shaft 
for convenie nee. \ 


That 


(6) Assume ae val e oe n, and starting at the be- 

ginning o shaft lay off in the diagram OA equal to unity 
equal to tan ¥;. 

OC ay off an angle DOC = 2, multiply DE in 


the ratio lay FOG + a, and proceed thus until 
the end of i shaft is reached? ** 


Lay, off; finally. the angle; whose, tangent has been. 
for the.rotating mass at the end. of the shaft. 

.., "The total, angle we have now passed over measure 
uf the closeness of the first,assumption for m from which a 
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second approximation canbe’ made)’ and ‘thus’on to’ the ‘re 
quired degree of closeness. Or we might’ plot ‘a curve of total 
angle and m‘and find for what values of ‘aie curve cuts | ‘the 
180 or 360 degree line, whichever is fequired. 
Once the functions have been calculated for: ich 
approximate diagrams can he constructed very rapidly. 
_ It is apparent at once that.a diagram that fulfills the neces- 
sary conditions, that is, that covers a multiple of 180 degrees, 
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tft 
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ME 2: ott te:bwored) 


diagram’of rélative angular ‘shaft’ deflections due’ to’ tor- 
sional vibration. In Fig! 2, for ‘instance, Oi is ‘the deflection 
at the begitining’ of the shaft; OF ‘the deflection at ‘the énd of 
the fitst step, OH ‘at’ the’ end “of the secoiid ‘step, ete.” The 
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defleBtion: at any point'within the step is found by dividing the 
angle for the step, as°COD, in' the same’ ratio as the point 
divides the length of the step. “'T’o find the deflection at the 
middle of the first step; for instance, draw OL Poectinig angle 
DOC. Then OM is the deflection. 
‘In this manner the position of the nodes is Anstantly deter- 
mined, a node being a point of zero deflection is the point on 
any step' where its arc cuts the vertical through the reese 
We will illustrate the calculations for a simple case.’ 
Toone end of a shaft 122 feet long and 10 inches diameter, 
_ is fastened a propeller of J equal 3,550 in foot pound units, _ 

the petiod.- tok 

As there’ bt one step Wil mot be to to 
struct polar 
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360 1/490 X 120 Xn 
W 12,000j000°X 144 


| values of apd tabulate, 


| 
us 


870 TORSIONAL, VIBRATION OF IRREGULAR SHAFTS, 


4 


: 


40 60 


In Fig. + rack to of « 

that for 7, + 7; + 9 = 180 degrees, m= 13.1 ; and that for 


Tht n= 360 degrees, n'= 47:9; The primary period is 
therefore 1 31 vibrations per second and’ 'the 47-9. 
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deterinine position’ oF the primary’ we tite 


that for = 13.1, 
suley ot] 18019" god. eh ttedz 
“err the primey 99065 
Also for n= 47-9 - sili tot wolls of 


Therefore t the first is, 122 2.42 feet 
from the gear end. sq 


And the second secondary | =, feet 
The calculations been lide to determine the af 
the shafting’of Submarines’ ‘S-4—S-13 and are illus- 
trated here. The shafting is shown in figure’4.’ There’ ‘are 
three cases to be investigated. First, ‘the charging” condition 
when the engine is driving the dynam, the after clutth being 
disconnected. Second, the surface condition, when the engine 
drives’ the propeller) “Third, the submerged’ condition’ when 


the motors ‘drive the propeller, ‘the’ Adrward eliteh “being: dis- 


shaft’ was divided into: as shown and . 


for each’ of these J, and’GJ, calculated. “In finding J, in way 
of the cranks one-half of the reciprocating’ weight was used, 
and in finding the moment of inertia of the propeller 25 per 
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cent was. added. to, the salealated amount to, the 


entrained water. 
In calculating GJ,, G was taken at 11,790, 000 ee See 
JourNAL oF THE AMERICAN SocrETy of Nava1, ENGINEERS, 
Vol. XIV, Page 781. To. determine the value of GJ, in way 
of the cranks a torsion experiment was made upon the actual 


engine shaft in its bearings. .The value determined by this 


experiment for GJ, was 4,620,000,000. The value of GJ, in 
way of the crank bearings is 3,940,000,000.. The shaft with 
cranks is therefore 17.3 per cent stiffer than the plain shaft. 
In way of the clutches the value of GJ, was decreased : some- 
what to allow for the effects of play. 


On each step are marked the values of Jw, GJs, 4 GJ. ee 
and @ and on the breaks the ratios from right to left of 


VCJs Jw Jw: 


The closing polar for primary “secondary 
vibrations are shown in figures 5 to 9. In the charging condi- 
tion for primary vibrations the period was found to be 24.7. 
As there are 8 cylinders and therefore 4 impulses per revolu- 


tion, the critical speed would be 24.7 X 60/4 == 361 revolu- 
- tions per minute. In operation, vibrations of great violence 


were felt at speeds around 350 revolutions per minute, being 


most violent at speeds between 340 and 360 revolutiois ‘per 


_ minute. The period of the secondary vibrations for this con- 
dition was 38.8, corresponding to a critical speed of 584 revo- 


_ lutions per minute, which is higher, than any. at which hae 


engine was run. 


In the: surface tondition the primary “period at 
15.8, corresponding to a critical ‘speed of 237 revolutions. per 
minute. The period of the secondary vibrations is 24.7, cor- 


_Fesponding to a critical speed of 370 revolutions per minute. 
In operation violent vibrations were*felt at speeds around 365 
revolutions per minute. 
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In the submerged condition the primary vibrations work 
out at 17.2 per second, so that with a three-bladed propeller, 
slight vibrations might be at around 
minute. 

As these engines were intended to at 
350 revolutions per minute these vibrations =e caused rest 
trouble and difficulty. 

_ In figure 4 are also shown the curves of relbaive amplitude 
bs vibration for each case investigated. ‘They show the rela- 
tive amplitude of vibration of. different points on the same 
shaft and the position of the nodes. ty 
will be noted that the agreement the bhobrived 
and calculated critical speeds is quite close. Due to the damp- 
ing effect of friction it is to be expected that vibrations of 
maximum amplitude will occur at speeds slightly lower than 
those corresponding to the undamped period. It will also be 
noted that in the surface condition it is the secondary vibra- 
tions that cause trouble and not the simple primary vibra- 
tions. If the speed of the engine had been slightly higher 
even those of third order might have been the important ones. 

In the design of shafts so as to’ avoid torsional. vibrations 
we must watch out then not only for the primary vibrations 
but also for those of higher order. The safest plan to follow is 
to have the lowest critical speed of the shaft, that is, that 
corresponding to primary vibrations, greater than the maxi- 
mum speed of the engine. If that is not possible the « operating 
speed of the engine should lie between two of its critical speeds. 
_ As we have previously mentioned, ‘the period is determined 
by thrée-general. properties, inertia of rotating ‘masses, stiff- 
ness and length. We will discuss the effect upon the period 
of proportional changes i in -each of these throughout 
apparent without proof that if we change ‘property 
of-the shaft in the same proportion thoughout its length that = 
the Polar end will remain in unchanged. 
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| By equation (29) the angle corresponding t each step . 


to 


360 YJwln 
| 
VvgGJs 


So that we can write 


VgZGJs 
From which it follows that 
For changes‘in-J, only uk 


I 


| Tw 
For changes in Gl. only 


m varies as Sy, 
__ For changes in / only 
engines 


These relations assist us considerably in determining the 
Lect of changes in dimension upon the period. If the shaft- 
ing of submarines S-4—S-13, for instance, had been increased 
% per cent in diameter throughout then the ‘critical speed in 
charging condition would have been raised from 361 revolu- 
tions per minute to 361 X (1. 07), 2 or to 414 revolutions per 
minute; and in the surface condition the secondary critical 
speed would have:been raised from 370 revolutions: per minute 
to 424 revolutions per minute. Thus the operating speed 
would have-been-avoided. & 
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It is, of course, not necessary to change the shafting 
throughout. A change in any part would alter the period, 
and it would be often possible by’ relatively slight changes in 
proposed dimensions,-when those changes are. made judiciously, 
to radically alter the critical speed, and thus avoid difficulties. 

The treatment in-suchspecial-cases:as gears and turbines in 
mesh with the main shaft, cam shafts.driven by it, elastic 
couplings, etc’, has not ‘been taken tip’ here; but it’is believed 
that any one who has carefully followed the demonstration 
can devise such, special, treatment as fhe. 
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for, under date of porn 10, 1918, with the Newport New 
Shipbuilding & Dry Dock Co. and the Navy Department, on 
behalf of the U. S. Shipping Board Raegeny eas Cor- 
poration. 

Under the terms of the contract ‘the price of the hull and 
machinery was based upon an estimated cost of $2,200,000.00, 
plus or minus the cost of authorized changes, the contractors — 


~ to receive a-fixed profit of $220,000.00; this profit to be aug- 


mented, in the event of the actual cost being less than the 
estimated cost or authorized revision thereof, by one-third the 
amount saved. 


The hull and machinery are in. general accord with the 


- Rules of the American Bureau of Shipping for highest classi- 


fication, and the U. S. Steamboat Inspection Rules for sea- 
going vessels. The Navy Department also inspected all work. 

The keel was laid January 16, 1919, and vessel was launched 
‘September 11,1919. Thirty-four days after the iii the 


vessel proceeded to sea for her trials. 


GENERAL DESCRIPTION OF HULL. 


The hull is of the following principal dimensions: 


Length over all, feet and “477-10 
between perpendiculars, feet and inches....... 463-3 


on lJoad-water lirie, feet and inches........ bis 462-10 


: 
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on load-water line, feet and 60-0 
Mean designed draught, feet and inches.. 
Displacement on designed draught, tons... 


per inch on load-water line, tons.............-.. 5 7.9 
of immersed midship section at designed 


orl) line plane)at designed 24,318, 
Wetted. surface at designed draught, square feet........ sant t 46,000 
Coefficient of fineness, block 
The! vesseh is: a: steamship; with: straight 
stem;» elliptical) stern:.and:: with ‘flat!:sheer’ amidships,| is 
rigged: two masts and: one -Smoke»pipe.): Itvis offothe 
shelter-deck type, with, complete: steel:shelter, upper:and main 
decks, except that the upper and main decks are omitted in 
way of the oil tank expansion trunks and the machinery space. 
The longitudinal system of! framing and is ‘fol- 
lowed throughout... wel sty at zt 
The propelling machinery i is located in ie afte: ‘end. of. the 
hold; and:-a: screen) bulkhead separates the engine: and -bailer 


rooms. Ifamediately abaft the machinery compartment» is the 


after;peak tank! Forward:the boiler room and separated there- 
from: by:a avexthe fuel ‘oil bunker: tanks;: of: hom 

Reserve feed is in tanks ‘wader the 


space, and there ballast:tank’ beneath the: fuel oil 


The amidship: hold is:divided into nin¢ tanks; of about 450,- 


‘000 cubi feet totali:capacity, fot catrying ‘oil -in bulk. »/Phe 


tanks'are: provided: with ‘ceriter-line»bulkhead extending ‘to the 
shelter deck, dividing them into port and starboard compart: 
ments, iand:there: are expansion trunks! -het Ween! the ;main’ and 
shelter decks for the full length of:the' tanks: |:/The:wing spaces; 
between the miain and upper decks in way of the main oil tanks, 
are divided into five compartments, port and starboard, fitted 


- 
he 
3 
3 
3 


up as summer oil tanks. ‘The total’ ‘capacity *of these tanks 
is 43,000 cubic feet. There is a pump room ‘between oil 
tanks:Nos. 5 and 6, and. a cofferdam forward. of ‘tank..No.> 1, 
between tanks Nos. 3 and 4, and’ between tank No! ‘9° and the 
fuel oil bunker tanks. 

The. following are in ‘the. foewand holds: ‘pump 
room, catgo space, fuel oil orballast: tanks, ‘chain’ locks’ and the 
fore peak tank. foal bal 


. Aft on the main deck are located the cold storage compart- 


ments, fresh water tanks and: storage space. Forward are 
. Cargo space and stores. 

upper deck aft is fitted as: crew’s' quarters; The! sick 
bay is located: on this deck on thestarboard»sidé:of the engine 
hatch. Forward are°crew’s ‘quarters, prison, carpenter shop, 
lass engine. » 


Aft on the sheltet for the! gear, 


with gun platform on top of the deck house: A similar gun 
platform is in over the No guns 

The crew’s mess: is in a deck: of the 
engine hatch, port side, onthe ‘shelter deck; with’ spacious 


galley on center line abaft the engine hatch. The:correspond-. 


ing deck house:on the starboard side of the: engine hatch con- 
adaat ni ei best ov 


"The radio room is of deck 


. Forward is a double tier deck house containing the. officers’ 


It is raised 42 inches clear of the'shelter deck. ‘On 
bridges.» 
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Then following, life, boats and life rafts are carried in, skid- 
beams, on, top of the after deck; houses, except, the, whale, boats, 


1 Racine life raft.....: 


~All boats are’ -Nortot ‘Sheath’ screw davits” bois 
nd 


= 


Gert 


"Windlass. x 12-inch, double an- 
chor windlass, with four ; gipsy heads, is ‘located on the shelter 
deck forward; the engine is below on the upper deck. Patent 
anchors are carried, which are stowed i in the hawse ‘pipes... oe 

Deck Winches.—Three deck winches are provided ; they are 
all of the Hyde Windlass. Company's s design. The bow and 
midship_ ‘winches have two '8-inch x 10-inch steam ‘cylinders ; 
the stern winch, which i is ‘of. greater power, has two 9-inch x 
14-inch, steam cylinders, All winches have two gipsy ] heads. 

_ St teering, Engine. —The s steeering engine ¢ and gear are located 
in a deck house aft on the shelter deck, Tt is of. the Brown 
Steam Tiller type, as manufactured, by. ‘the. Hyde. Windlass 
Co. The steam cylinders. are 9-inch X 
> Ammunition Hoists. —Four small, Lidgerwood ammunition 
hoists 2 are provided, two for. each gun... They a are driven. by 
G. E. Co. 1 motors. "The ammunition is | carried i in, ‘small 
zines in the forward. and after holds. ve 

‘suction. of two 14-inch ‘steel 
' pipe lines leading aft from the pump'room, one on each side of 
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the center line bulkhead, for draining ;tanks 6 to 9, inclusive. 
Four similar lines lead forward, two for tanks 1, 2 and 3, and 
two for tanks 4 and 5.’ Each tatik connects to its main thitough 
a 9-inch angle’ valve fitted with bell mouth carried down to tear 
the bottom of the’tatik. “°A’ master pate valve is ‘fitted in the 
suction main at the transverse bulkhead nearest the pump room 
ofeach tank served. All valves are operated from 'the shelter 
are arranged that the pumps may’ ‘from 
any tank.and discharge to any other tank. 

gate valve; operated from. the ‘deck, is 
fitted on, bulkhead each, pair, of main 
cargo tanks. 

The summer tanks. are’ by: '6-inch pipes. 6- 
inch filling pipes, two port and two starboard, terminating on 


‘the shelter deck, are provided for these tanks ; they, to 


the 6-inch drain mains, 
“wo Linch ‘risers ‘are fitted forward, ‘from the suctior 
mains ‘to ‘the shelter deck, for filling tanks. 1,2 ‘and. 3. 


similar risers aft for tanks 6 to %, inclusive. Tanks 4 and 5 


Navy s standard oil hose if fo Tie sevod wosb 
oil is discharged through tw wo 1 1-ine! connes jons 


S15 


the p leading to. the 1 On the 


shelter de k and e ‘mains on ‘the. upper deck, po 
ka 
oard. "Thes 


anc sta ‘mains. ‘are 11 Snches’ diam neter, exten 
bs 


ing the upper deck ‘from the | pump ‘room hatch for 


. about 112 feet, where they rise to the shelter deck and ate car- 


tied aft full size for a short distance, and then reduced to 6 
inches, continuing to: the after end of the deck house abreast 


of the engirle room. Deck discharge connections are‘takeh! off 


these! mains." Forward ofthe pump room ‘hatch the mains:are 


ug ec Isc T 

| at the pump room hatch, port and starboard, Each filling | 
| - connection terminates at the deck with an 11-inch | valve ‘ 
| 
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8 inches! diameter for feet, where they 
branch’ into two.6-inch’ connections:on each’ side of ‘the vessel, 
one rising abruptly’to the shelter deck and the'other extending 
forward about feet ‘before rising to the shelter deck.’ All 
deck = ate flanged to suit 6-inch U.S; Navy standard 
tanks‘are flooded through two 10-inch sea>valves 
in the pump room, either direct or through the pumps; ‘and:are 
pumped overboard via'the'shelter deck cross-connection. “Four. 
portable sections ‘of '8-inch pipe ‘of sufficient length to extend 
from the discharge ‘outlets to the ship’s' side ‘are provided for 
- The forward fuel oil:or ballast tanks are served by a fuel oil 
transfer pump ‘lo¢ated inthe forward» pump room: ‘These 
tanks are provided! with» 6-inch: deck filling! connections, “5- 
inch suctions and a 4-inch discharge to the fuel oil transfer 
line and deck, ‘the latter’ provided with ‘4 portable section of 
piping: extending to the ship’s.side for overboard discharge. 
oil tanks" are provided: with venits, Steam: 


ert 


“The main, machinery is located in.a 
partment in ‘the after hold. if 

Enginte—The main engine is of the- inverted, 
direct-acting, quadruple-expansion. type... It has a stroke of 51 
inches; and the following cylinder diameters y: inches; 
Ist I.P., 85 inches} 2nd 1.P., 51 inches; and L,.P., 75 inches. 
The engine turns to starboard, when running ‘and is 
signed to.develop about 2,800 LH.P., with steam at220. pounds’ 
pressure at the H.P. valve chest, ‘ale driving the’ vessel at the 
designed speed of 10.5 knots. 

The engine is of conservative design, wills cylinders. of: the 
usual construction ; ‘dll fitted: with ‘working liners-except the 


L.P. The cylinders are supported on cast iroricolumns of the 
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box: type! at the front, and ithe, inverted -Y) type:at: 'the:back: 
Each.column carriés:a crosshead guide.’ The bed. plate. 
four sections: \of. cast! iron.of box. section; flanged: and 
securely bolted together and:to the engine foundation: 
reciprocating parts, are.of forged steel.; -Adjustable cast 
iron shoes, for working on the guides, are secured to,each 
crosshead, H.P. and ist IP. pistons-are of cast ifon; 
those for the 2nd: I.P,. and: LP. cylindets are. cast All 


pistons are fittedwith cast! iron junk :rings, metallic 


peaking is used for all piston rods arid valve 
The oil system is through wick feed: from: 
oil boxes. 
“The valve igear)is,of the: Stephenson! ‘inl “All 
are fitted; with balance pistons, except the: H.P., piston» valve. 


“TABLE, I. ‘SETTINGS. = 


One. One One}; | One, 
Type... Piston Piston ‘Slide. Slide.” 


Takes steam Inside” Outside | Outside 
Bot. | Top | Bot. | Top | Bot. | Top | Bot. 


Steam opening, ‘area, | 


‘Connecting rod, length between centers, 1115 inches. "Ratio to Grank 


| 
, 
| : 
| - 
| 
| ‘ 54-25 | 54.05 87.04 92.75 | 181.4 | 190.8) 330.81 339-18 
70 | 66.25 | 114 114 | 204.25] 204.25] 402 402 j 
i |. 
i 
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» Reversing, Gear.-—The reversing engine. is, secured to; the bot- 
tom of the port column of the 2nd I.P. cylinder. It is .of.the 
ram type, with cylinder, 14. mches)diameter by 24 inches stroke. 
It is controlled from the working platform through the revers- 
ing lever and a floating lever attached to the ‘reverse’ shaft. 


_ The reverse arms are-slotted and fitted with for - 


independent linking up. : wb 
Turning Gear.—For jacking: ‘the main 
single, reciprocating engine is provided. It is-located.onthe 
after end ‘of the main engine, port side. The: steam: cylinder 
is 8 inches diameter by 6 inches stroke. 
Shafting and Bearings.—Al\ shafting is forged steel. of solid 


section, with flanged couplings Sees. on and secured together 


by forged steel bolts. 

The crank shaft is in four sections af the pet type. 
The four cranks are at equal angles, the. ereineniee wine H.P., 
1st I.P., L:P., and 2nd LP. 

The propeller shaft is covered, within the stern Be with 
composition sleeves 74-inch thick at the bearings and ¥-inch 
thick between bearings. The sleeves are secured in the usual 

The shafting i is of the following principal dimensions: 


Crank shaft, length Seat inches: 29-8 

Thrust shaft, length, feet and 11-6 

space between, inches. BO 

bearing surface, square inches........... 2742.6 
shaft, length, feet and inches... bicrd 
Propel shaft, length, feet and inches........ 
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Phe ‘thrust’ is ‘of! usual: adjustable’ horse-shoe 
“The shaft! bearings: of the following characteristic: 


+ 


length, inches....... 
diameter, inches....... 
“bearing 


effective square inches.......... 2 
length, bus Ral ,.4 


diameter, 


Propeller. —The isa right-hatid tiud screw. It has 
four adjustable, detachable blades of manganese bronze, The 
hub. and cap are cast iron. Each blade is:secured:to the hub by 


" seven 3-inch steel studs and. composition fits. “The hub has a 


taper fit on the propeller shaft, is securely. keyed, and held on 


‘PROPELLER DATA. 
Pitch as set, feet and inches.............0. 18-0 


Pitch adjustable from 16 feet 8 inches to 19 feet 4 bile: 
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Helicoidal area, square 101.4 
Disc area, square feet........... 240.5 
tip Of ‘blade above keelinches. 13% 
Immersion of upper. blade at load inches. 24% 


Main. is one’ itidependent, cylindrical, 
double-flow, surface condenser located on the port. side of, the 
main engine. The. shell and heads are of cast iron, tube sheets 
of rolled Muntz metal 114 inches. thick, and seamless-drawn 
Admiralty metal ‘tubes'No:'16 B.W.G. thick, 34-inch outside 
diameter’and 8"feét 1054 inches fong: ‘The tubes are packed 
with corset lacing and. brass ferrules.. There are.2; 
giving a total cooling: surface 'of-4,200 square feet. 

Main Circulating Pump=The circulating water is 
by a double-suction, 14-inch, centrifugal pump, driven by a 
direct connected ‘reciprocating engine haying a cylinder 8 
inches in diameter by 10-inch stroke. engines are 
vided, One as 

Main. Air Pump.—The to main 
engine and located abreast the L.P. cylinder, port side. It is of 


the vertical, double-acting, “Edwards type; and has a 26-inch 
diameter’ cylinder’ with 

Attached Bilge Pump.—There is one verti bilge pump of 
the plunger type.attached to ‘the- pump.” It is 
inches diameter by 24-inch stroke: 

Attached Sanitary. Pump.—aA of 
same type and size._as the. bilge, Pumps is. attached: to the 
main air pump. 

Auxiliary Condenser. —A small <minay condenser of the 
Wheeler surface: type, combitied with hotizontal air’ and cir- 
culating pump; ‘is 1déated in the’ enigitie room outboard of the 
mait cofdenser. It has’57¥ titbes, 34-inch outside diameter, 
No. 16 B.W.G. thick and 6 feet 5% — giving a cool- 
ing surface of 705 square feet. 
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TABLE II.—INDEPENDENT RECIPROCATING PUMPS. 


No] 


‘Size, ‘Type and Make. 


Auxiliary air 


and circulating} 
Evapo rator 


feed 


: 12 in. X 8 in. X 24 in, vertical, single, 


Worthington,” 


ain. x Bin, x 24 tered, single, | 
double-acting, Worthington.”” 


st in, X 6 in, horizontal, 
Plex, double-acting, Worthington.” | 
ra in. X 14 in! X 12 hori 
zontal, simplex, cot ibs 


bined, Worthingtou.” 


X in. x 4 in, horizontal 
plex, double-acting. . 


ston 


shin, X hie. im, Ranta, av. 


plex, 


ro in. 6 in. X ro in., horizontal, ‘du. 


plex, donble-acting, ‘National Tran") 


_ Plex, double-acting, National Tran- |... 


Location, 
pa: 


Bagine room 


| $ 4a. sin. x 112 ta! horizontal, ue 


rf t{ 
fost 


parte | 
| 
| = 
1 | Auxiliary feed 4 
i Engine room 
: ne room | 
| | Sanitary 
I 
2 | Ballast, fire 
and bilge tin forward: 
2 | Fuel oil trans: in boiler 
oti. room 
1 in forward 
2 | Cargo oil esd 
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_ Feed: Water Heater.—In: thé: engine -room, ‘outboard, and 
above the feed pumps, is a No. 12 Reilly, type C, multicoil feed- 
water heater., Between the feed pumps and'the feed heater is a 
grease: extractor. Both the teed: 
tor can be by-passed, 
Hotwell: Tank—Oné hotwell: fal ‘560. 
total capacity-is installed.» It: is: fitted with a float and»chro- 
principal, data for all independent reciprocating pimps. 
 Botlers——There are three main, horizontal, single-ended, 
Scotch boilers and one horizontal, single-ended, Scotch donkey 
boiler, all: fitted separate: combustion chambers, and ar- 
ranged to burn fuel oil... ‘The main boilers are placed abreast 
just forward of the main engine, with fire room forward. The 
level. 


Working pressure, 
Test. pressure, pounds..............., 
Diameter, external, feet and inches.......... 
Length, over feet and 


length, external, feet and inches. . 

Tubes, 


thickness, ordinary, Nc 


| 
: i 
| 
! 
‘ 
| 
180 
3/1 
10-10% 
ai 
trisom, Suspension 
43 
8113/16 
harcoal iron, lap welded 
5/16 5/16 
3 
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_ Uptakes—Uptakes of usual design for ‘Howden, heated air, 
forced’ draft, connect! thé miain' boiler tube nests to the smoke 
pipe: For heating 'the air,'789 3-inch by No. 12 B.W.G. tubes, 
presenting a total heating surface of 2,169 square feet, are in- 
stalled vertically in the uptakes. The gases of combustion 
pass through the tubes and the forced draft air outside. 

The donkey boiler uptake connects into the smoke: Pipe im- 
mediately below the top of the boiler hatch: 

—— are fitted in all uptakes. 

Smoke Pipe—There is one double casing smoke pipe, 8 feet 
1 inch outside diameter and 80 feet high above the center of 
the lower furnaces. The clear: cross-section area — ~ 
smoke pipe is 41.29 square feet.» 

The donkey boiler smoke ‘pipe is inside ‘main pipe 
and extends to the is of 
inches inside diameter. 

draft is used for the main boilers. The air is supplied by one 
vertical, engine-driven, Sturtevant. Type VS7, double-inlet, 
blower, with 110-inch diameter fan. The fan is provided with 
duplicate single engines, one being a standby. Each engine 
has a cylinder 7 inches diameter by 6 itches stroke, and is 
capable of driving the fan at 390 revolutions per minute, The 
unit is located in the engine room,, starboard. side, forward. 
The air is drawn from the engine room and delivered; through 
sheet-iron ducts of rectangular section, to the. nett boxes i in 
the uptakes,, thence to the-ash pits. 

Fire Room Hoist.—A hoist of the steam ram n type is fitted 
in the starboard ventilator to the fire room. Se 

Fuel Oil System.—The Dahl system of mechanical oil-fuel 
burning is installed for both the main arid’ donkey’ boilers. 
' The apparatus comprises one oil burner per furnace, three 
_ oil, heaters, two, oil-fuel service and two, oil-fuel. transfer 
pumps, together:with the necessary strainers, piping, etc. The | 
service pumps are arranged to draw from all ‘bunker tanks, 
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including summer tanks No. 5.and:cofferdam No. 3, which are 
fitted for carrying bunker oil-fuel, and they discharge to the 
burners through the oil-fuel heaters:or | bypass’ same: 
bunker tanks are’ fitted with high and'low  suctions. 

Steam Piping.—The main steam pipe is of seamless pet 
steel. The feeders from the boilers are 6 inches each, uniting 
into an 8-inch pipe leading to the main engine: throttle: valve. 
A 4¥-inch auxiliary steam connection is taken off each main 
boiler, forming a main with branches to the engine: room and 
deck, from which sub-branches are: taken as required. The 
donkey boiler has a 4-inch connection to the auxiliary steam 
line. A 234-inch independent steam line is led from the donkey 
boiler and No. 1 main boiler to the generator sets in the,engine 
room; they also take steam — steam: in 
‘the engine room, 

auxiliaries is collected: in. a ‘common main ‘connecting to the 
main and:auxiliary condensers; andthe feed water:heater. 
back pressure valve is fitted-at each: condenser connection to. 
maintain the necessary pressure on the line for the:feed. water 
heater.. There is also a connection — 
line to the 2nd-LP. receiver.) 

Feed System.—Four pumps: are as: listed i in 
Table II., All feed pumps take their suction from.the hotwell, 
tank. . The. main‘ and. auxiliary’ feed, pumps are atranged ‘to 
feed the main boiler direct or through the feed water ‘heater. 
‘The donkey feed pumps. feeds the: donkey: boiler direct’ or 
the main boilers via the auxiliary feed line. ‘The feed:stop and 
check valves are at the rear'end of the boilers and: are con- 
trolled from the engine one No. 
10% injector are also connected. 
lines. 

and Distilling Plant. two 
Reilly multicoil evaporators, each having a capacity of 25 tons 
of fresh water per 24 hours, and two Reilly multicoil, vertical 
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distillers, each of 6,000 gallons’ capacity per 24 hours, 
with the necessary pumps:aslisted in’Table ‘The evapora- 
tors are located in the engine room; at the ‘working level, \star- 
board side, nets above at in 
engine hatch. sig fi 

Plant. epithe room is: 
the engine room, and itis: entered from the middle: grating. 
The outfit includes'a 2-ton Kroeschell, vertical, double acting, 
CO, compressor driven by a direct-connected steam engine; oil 
appurtenances): 

The are the room ‘on nthe 
main deck. 

20-KW, horizontal, compound-wound, Type’: MP6-20-400, 
generators,‘each driven by ‘a 9-inch X 7-inch vertical, ‘single, 
direct-connected, steam engine,’ ‘They are located ona flat in 
the after:end of the engine room. The switchboard ‘is ‘just 
abaft the generators. Current is supplied at 110 

An emergency generator-set is' also provided. It is ‘located’ 

on the upper deck forward and consists: of a Westinghouse, 
direct current, 12.5 kilo-watt, 125 volts, generator, designed 
for 600 revolutions per minute, and driven by a 25 horse- 
eyes. four-cylinder, Clifton Motor Works kerosene engine. ' 

Workshop.—A small:workshop is provided ‘starboard of the 
engine room, at the level of the middle oer It ” ‘hostage 
with the following tools and 


- 1 Buffalo Forge Co. hand. drith: of} tg ots 


1 16-inch Davis lathe, 
Portable forge. 19h ow} bits tleatt to 
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2 Vises. at EBSA BEAT 
Outfit of fell tools. 


All tools are belt driven: from overhead pulleys. 
‘The power is supplied by GE 


The contract 

(a) A trial over a measured mile in the deepest water av 
able and at the highest speed obtainable, not less than ee 
runs over the mile to be made, and the mean speed and revolu- 
for these-runs carefully-ascertained._ 

full speed,trial of four hours’ duration in weiter 
at the highest speed attainable (not less than'1034 knots), to be 
determined by the average-fevolutions of the main shaft ac- 
cording to the measured mile trial. During this trial all the 
auxiliaries necessary for the-service-of the vessel, including 
' dynamos for efficient lighting, shall be in operation. The fuel 
oil consumption on this trial to-be measured and not to exceed 
the equivalent of 825 pounds. per. knot at 10% knots. 

(ce), Durning. and, pecking trials to her and steer- 
ing gear. ~ 

Phe Ramapg News her on 
the morning -of October 15, 1919, and proceeded to the Dela- 
ware Breakwater, where the standardization runs were made 
over the measured mile. uae 

The four-hour official full-power tial was conducted on the 
run‘up the coast to the Delaware Breakwater. “At the builders* 
request; the oil ‘arid: ‘water consumption, the latter not required 
by. the’ contract, were measured as follows: During the first 
threé. hours of ‘the “official trial the total oil-consumption“and 
the water consumption of the main engine and auxiliaries was 
measured. Then followed two hours at es Forme measuring 
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the. total oil consumption; and. the: water consumption of the 
‘main. engine..only, other conditions ;remaining unchanged. 
This was.done during the last:half hour of the official trial and 
continued hour and. a half thereafter. The data obtained - 
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US.SRAMAPO | 
CARDS AT. 2:45 PMN 


MEAN HP CUTOFF 67% 
CLEARANCE Ath 14% 


+3. 


Plate I shows a set of indicator ‘cards taken during’ the Offi- 
cial trial:and Plate shows the combined card:of same’ set.’ 

Following ‘these: trials» the ;steering' and backing tests ‘were 


conducted. While making 70 revolutions per minute ahead 
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the vessel was swung through a figure eight course. Time fe- 


quired ‘to put rudder hardover right from. center was'12' sec-_ 


ondsy ‘estimated diameter of turning circle 650° yards. Time 


’ required to put rudder hardover left ‘from hardover right ‘was - 


_ 22 seconds, estimated diameter of turning circle, 550 yards, ~ 
Upon completion of the figure eight the engine was reversed 
and the backing and astern steering test was run with the 
following results : 
‘Time for vessel to become dead in water from full pied | 
ahead with rudder amidships...... 3 minutes, 56 seconds. 
Time to put rudder hardover right from center... .17 seconds. 
Time to rudder hardover from right : 
Time to put center from hardover left..... 8 seconds. 
Time for ship to become dead in water from full speed 
astern with rudder er: ....2 minutes, 56 seconds. 
Stern way reached............... 200 yards. 
~The standardization trial was run on the morning of Octo- 
ber 16, 1919, and from the data obtained the curves (Plate III) 
- were plotted. From the revolutions per minute and speed 
~ curve it was ascertained that 69.14 revofutions per minute of 
the propeller would give the designed speed of 10.5 knots. 
During the homeward trip the builders conducted two pri- 
vate runs; one of four hours’ duration, with the main engines 
linked up to make about 60 revolutions per minute, and meas- 


uring the total oil consumption and the water consumption of 


the main engine and auxiliaries, and the other under similar 
conditions for two hours, measuring the total oil consumption 
and the water consumption of the main engine only. The data 
from these trials is also given in Table III. 

"The data'given. in Table III for the official four-hour trial is 
that taken during the trial by the builders and should not differ 
from the official figures by any appreciable amount: 
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The following auxiliaries were in use on all the trials : 
Main circulating pump. 


. One main feed pump. . 

One fuel oil service pump. 

One fuel oil heater. 

Forced draft blower. ~ 

Fuel oil transfer pump. | (In connection with the ateastiee: 
Auxiliary feed pump. - ment of oil and water.) 
_ Auxiliary air and circulating pump (on 2-hour fullgower 


and 2-hour reduced power runs only). 


Steering engine. 
Galley. 


Qne dynamo. 
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_ WELDING HAS BEEN CONSIDERED AND APPROVED BY 
“AMERICAN BUREAU OF SHIPPING AND LLOYDS. __ 


“yingtigl the classification societies are proceeding very cautiously in 
approving the application of electric welding to new ship construction, 
because of the lack of a reliable system of testing the quality and strength 
of the welds, nevertheless both the American Bureau of Shipping and 
— —s approve the welding by emetic of the following parts of 
steel vess 


Deck rail stanchions to 
Clips for detachable rail stanchions. ~ 
Continuous railing rods (joints). $ = 
Attaching ‘deck collars (L, rings) around Yentilators. 
Attaching deck collars (L, rings) around smoke stack. 
Attaching cape rings around smoke stack, pipes, etc. 
Attaching galley fixtures to plating: 
Attaching bath and other fixtures in officers’ quarters. 
Attaching cowl supporting rings to ventilators, 
Bulwark rail top splicing and end fitting. I 
Skylights over’ galley. 
(a) Engine room stairs and gratings. 
Boiler room’ stairs and gratings. 
Attaching (a) and (b) to plating grab rate on casing. A ‘ 
All stairs and ladders, including rail attachments. ) OREM 
Door frames to casing, hinges, catch holds, coachhooks, etc. ; 
Clips for attacking weed, te 
Coal chutes, 


Butts of watertight, and tight boundary bars on or floors 


in double: bottom.. 
Ventilator cowls. 
Stacks and uptakes.” 


, 


Bulkheads (that are not structural parts ot the ship), cariilion bulkheads | 


in accommodation. 


"Framing and supports for engine and boiler room flooring or gratings: 


batten cleats... 
Tek (that are not structural parts). 


Engine itoom skylights; 
.Grab:rods on ‘and interidr of: houben.: 


Deck-houses: not covering unprotected openings weather decks. 


Reinforcing’ and ‘protecting angles: around 


. Joints of: watertight angle san at frames in way of watertight fiats.— 


“International Marine Engineering 
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THE EVOLUTION OF THE DESTROYER. 


REMARKABLE DEVELOPMENT oF PreseENT-Day Destroyer FROM Eariy TyPE 
Torrevo BoAT—RAPIp ADVANCES IN BOILER AND TuRBINE CONSTRUCTION. 


By CoMMANDER M. U.S. N. 


Progress in marine engineering” ete ‘been very rapid during the past 
thirty years, but it is believed that the development of the torpedo boat has 
been more rapid than that of any other type of vessel. Undoubtedly, the 
main reason for this rapid progress is that it takes.a very short time, com- 
paratively, to build a destroyer, so that the engineer can test his ideas and 
make several advances in the time required to build one battleship. It is 
sertainly a far cry from, the 22,5-knot Cushing to the 36.88-knot Dent. 

he Cushing was our first torpedo boat and the Dent is one of our Pst 
destroyers, The following table accompanying p a 
comparison two boats 


Length overall......... 137 feet 6 inches... 314 feet 434 inches 
Beam, extreme......... 15 feet % inch 30 feet 1% inches 
4 feet 6 inches 9 feet. 034 inch 
Displacement ......... 91.34 tons 1,159 tons Hy 
Horsepower ........... 1,720 (indicated) . .. 28,190 (shaft)... 
Revolutions per minute... 370, 467.5 
Number of screws..... 
Cruising radius at 10 hres hier 

knots’ speed.......... 990 knots -at 15 knots, 4,960 knots 
2 Thornycroft 4 White-Forster 
Total heating surface.. feet. 27,000 square: feet 
Total grate surface...... 


Ratio of heating surface 


to grate surface......... 62 to 


The Cushing was our first was ond built in 
1890 by Nathaniel Herreshoff at the Herreshoff Works, Bristol, R. I. 
Inasmuch as she represents our maiden effort in this line of marine en- 
gineering, a brief description of her machinery may ‘be of interest. 


MACHINERY or THE “ CUSHING. 


was equipped with twin each deen. a 
quadruple. expansion engine. The cylinders were ‘1134, 2214, 2214 
and 22%4 inches in diameter, respectively. The stroke was 15 rh So The 
engine supports were a distinct advance: in engineering for that day and 
consisted of 11-inch steel rods, braced diagonally, and forming: the cap 
bolts of the main bearings; the latter were secured toa bed-plate consisting 
of a single sheet of %-inch wrought iron with openings cut for the cranks. 
The bed-plate was secured i fore-and-aft direction to keelsons and: was 
also supported. under the main bearings of the high-pressure and after low- 
pressure cylinders, the other main bearings being entirely without ‘support ; 


but, owing to: the extreme care taken i in ae aneione ran without 
vibration. 
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The. boat -was. equipped with two Thornycroft. boilers: each: having 38.3 
square feet of grate surface and 2,375. square feet of heating surface: The 
boilers also, Tepresented..an advance in) engineering, as the ‘longitudinal 
seams. in the ms..were welded instead: of: riveted... The boilers’ were 
designed for a pressure of 250 pounds ‘per square inch. . 

For some time after the trials of the Cushing, the advance in Noipedo 
boat engineering was limited by the progress in the design of propellers 
and the art of balancing engines. Like many other points of engineering, 
the screw propeller was not as well understood at that time as it is today, 
and. ev failures pcb trials were recorded due solely to improper propeller 

igher speed of ship desired required higher engine 
spends than had: = the custom, with the result: that: vibration was so 
bad in many cases as to make it impossible to run at full power. How- 
ever, both of these problems were successfully solved and the art of engine 
balancing, in particular, was carried to a high degree of success. This 


line of Bevelopment reached its climax with the Stewart which 
built.in 1902....- 


Last OF THE RECIPROCATING ENGINE poate. . 
The table gives the general of these. boats: 


245 feet 
23 feet inch. 
6 feet 1%. inches 


444 tons 

Total heating surface. 17,770 squate feet 
Ratio of heating surface to grate surface §6.4 to''1 
Radius--of action at 12 knots OL 2,160 knots 


were the last of the engine boats. We’ see that the 
speed has increased from 22:5 knots to 29.3 knots, the boiler’pressure from 
250 to 300 pounds, ‘the indicated horsepower from 1,720 'to ‘8,000, and the 
high-pressure cylinder from’ 1134: inches to 23 inches diameter. ‘There is 

no doubt but what with the present-day methods of lubrication and other: 
ieupegieaniae of design, such as superheat, etc., oer of higher 
speeds could be built using reciprocating engines, but the improvement 
would not be great and the destroyer had just about reached its ‘limitation 
as to speed. 

Up to this time torpedo boats: and destroyers had been regarded as 
coast and harbor defense vessels and long-distance cruising had not been 
carried: out. by. them..,The ordinary method of. operation’ was to’ make 
short runs at high speed from a base, but in 1904 two of these boats, the 
Preble and Paul Jones; were sent to Panama to act as despatch vessels, 
and later in the year a flotilla of destroyers was sent from the Atlantic 
coast to the Asiatic station, via the Mediterranean. Both cruises: proved’ 
conclusively, that the destroyer was'a reliable sea-going vessel and had a 
cruising radius that compared favotably with) other ‘types of ships: The 
fuel economy at.low: surprise of all, At that time 
so little was known regarding the fuel | consumption at cruising: speeds that 
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when the cruise from: San Francisto to’ Panama was first’ projected ar- 
rangements: were made for coaling at San Diego and every few hundred 
miles from there to Panama. Great was the surprise when it was found 
that: the trip could easily be made with: without any stop 
by a deck-load of 


"ADOPTION OF HE-TURBINE PROPULSION. 


The ‘step: in destroyer design was the: change for’ 
vand with this came the use of-forced feed‘ for lubrication: ‘The 
first vessels to have: this fot of machinery were the Smith class, which’ 
were in. 4000.25 sable: ‘the’ ‘of these 


Boilers & Mosher 
Total heating surface... 18,008 square feet... 
Total grate surface .............-.............. 368.5 square. feet 
Ratio of of surface to grate surface........ 48.86 to 1 


With previous destroyers fitted with reciprocating. engines it had heeii 
difficult to obtain machinery that would be reliable for high-speed: runs 
for any. considerable period of time. The difficulty, was’ so great that 

most. of the early destroyers were required to run. full-speed trials of 
one-hour duration only. As soon: jas turbines: were adopted, the ‘trial 
requirements were immediately raised to four hours. The destroyer, 
being a high-speed boat, requires high speed - revolutions of the screw, 
and this condition, while, ideal .for turbines, is a vety severe: test’ for 
reciprocating engines... There is no, doubt: but what the destroyer was 
the main factor in developing turbines for marine purposes, as it presented’ 
a case where.turbines were fairly well suited for the: purpose without any 

great. change. from, conditions on shore. This’ was:not the case: with 
and other, vessels ‘having slow-speed screws, and the progress 
of, turbines, for marine -propulsion doubtless 
if, it had not been-for the destroyers; od? bag? 


BLOWER “TROUBLES ELIMINATED BY ‘TURBINE Drive. 


“Up ‘this time’ the draft blowers of destroyers ‘all been 
driven by light; high-speed, reciprocating engines and they were 
to’ the satne troubles as were’ the: main reciprocating enigines, except that 
the troubles were exaggerated in/the smaller engines. It ‘was' only’ natural, 
therefore, to: adopt the turbine for driving the blowers ‘as’ well ‘as the pro- 
pellers. It is no exaggeration 'to Say that this change was ‘almost’ as ‘great’ 
an improvement as the adoption of’ the: turbine propulsion, as more 
breakdowns and trialswere: ‘due: to blower ‘trouble: than ‘to all 
other: causes; ion} od} sew 62 
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Fic. 2—Tue “Cusine,” tHe First Unitep States Torrepo Boar. 
Fic. 3—Tue “ CusHinc,” With a DISPLACEMENT OF 91.34 ToNS AND AN 
InpIcATED HorsEPOWER OF 1,720, DEVELOPED A SPEED OF 22.5 KNoTs. 
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Port NEws IN 1910; TRIAL 


SPEED, 29.60 Knots. 
Crass Destroyer (1900-1902). 


Fic, 4.—Destroyer “Rog,” at New 
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Astern 
Turbine 


Fig. 6—Parsons Turbines: Smith Clase (Twenty Vessels) 


Fig. 8—Parsons Turbines: Cassin, Cummings, McDougall, Ericsson 
Red. Gear 
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The first turbine-driven destroyers solved the problem of* reliable high- 
speed machinery, ‘but there was very little saving in- weight, owing to’ the 
complications: necessary to. obtain reasonable economy low 


' speeds. In the fight between the turbine and reciprocating engine for 


suprémacy ‘in’ the’ field of' marine propulsion it has always been the 

erie “poor economy of the turbine at low speeds that has . hel ‘it 
accompanying sketches’ (Figs. 6-18), giving the ‘machine: 

of all our turbine-driven destroyers from the Smith and 

ria to the present time, show the progressive steps that have 

taken’ in ‘evolution of the turbine for destroyer. propulsion, and it wi 

be seen that it has been a constant struggle to simplify the machinery tin 


_keep down the weights and at the same time provide a reasonable cruising 


radius at the slow speeds. “We have had all combinations of direct- 
connected cruising turbines, direct-connected cruising 
and geared cruising turbines 
FUEL DISPLACES COAL. to oat 

The next advance in destroyer engineering was the ‘dhbstitition of oil 
fuel, for coal, The advantages, of this fuel, were, greater for, destroyers. 
than, for other’ vessels, so, it, was adopted: for, this class. of ..vessel. at,,the, 
earliest possible moment. The ability to run without. making. wien to, 


speed to’ full: speed, ‘all: are ideab conditions: a ‘destroyers > When’ the: 
increased facility of ‘refueling (including the ability ‘to reftrel at: and: 
the increased cruising radius ate added>to the above advantages, it becomes. 
apparent that the destroyer did’ not ‘fulfill: its ‘Fequitements 
it was giver’ oif asa: fuel! i 
The Paulding class comprised: the first oil-burning destroyers aad: 
were’ built in table gives whet characteristics: 


712 tons”: ut 

Shaft ‘horsepower bois tae rib 


| 
: - i 


Total heating eurface..... -beyles. oa square feet 


While the propeller of the destro rover. were such: as. to. ait 
turbines than in the case of other ships, the speeds were not high eno 
for the best turbine practice, and in the attempts to improve this condition: 
the propeller speeds used were considerably higher than, should have been 
to get the best propeller efficiency, It was therefore natural to turn, to 
the reduction gear as soon as it became. sufficiently developed for the, 
purpose. Here again the destroyer’ was the ioneer and fed the way in 
the use of the mechanical reduction gear. was natural, since the. 
Gen reduction was not nearly so great as with other types of ships. 

being only about 5 to 1), and therefore was a very, much easier problem 
to solve; also thé advantages gained were much greater than pa other. 
types of ships, owing to the great saving in this 
type vessel. 


REDUCTION. GRARS, APPLAED ‘TO MAIN PROPELLING UNITS. 


The Wedsviorth; Built ‘in’ 1915, was the’ first ‘vessel to be: fitted with 


reduction gear for the main anit. ‘The follo table ‘gives ‘the ' enera 
characteristics of the ‘vessel : 


Shaft 
Revolutions -per 
Number of. screws.. 
Cruising” radius at 16: knots 
‘The arrangement of the ‘of the Wadsworth is showin tn Fig, 
13, and it will be noted that it ‘is ‘very’simple, consisting of a high-pressure_ 
anda low-pressure turbine driving pinions meshing with the same gear, 
there. -being!only: two gears two main. shafts,; The Waodsworth’'s 
machinery contains several. novel; features,;|:The gear is.a single helical 
gear and is\arranged to take part.of the propeller thrust direct and transmit 
it -to the turbines, where it is balanced by steam pressure; the remainder: 
of the thrust is taken by ia:thrust bearing: which } is of: the pivoted segmental 

(Kingsbury) type. This was the first use of this type of thrust bearing 

in-the navy, but ‘its use-has»since become: practically universal. ‘The single 

helical gear has not been used in the later. destroyers, which are of much 
greater horsepower (requiring longer pinions), but it has proved very 
satisfactory on the Wadsworth: 

-- The Wadsworth really marked the end of the era of 
turbines,: although several destroyers were built after this date .with 
direct-connected: turbines... During. the. war it was not. possible to obtain 
gears in such.great numbers as they were needed, so a certain number.of 
direct-connected turbines were installed. These reached a high |degree 
of perfection in the boats turned out by Newport, News Shipbuilding & 


21,500--square feet 
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BOTLER | CAPACITY, INCREASED OBTAIN’ HIGHER 


The next ‘step .in the evolution of the, destroyer was. increase ‘the: 
speed by. a Jarge increase.in boiler capacity.,, These;boats were built during. 
the. war,, ‘great. pressure and various, expedients. were. considered in 


ehe 
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speed, reducing the number of boilers, ete.,-but none of these'offered any 
hope of greatly increased production, so it was decided to build the best 
boat possible under ‘the conditions. The' data on this class ‘Of ‘Vessel ° are 
given in the first page of this article’ in’ compatison’ with the Cushing. 


The propelling machinery is located’ in ‘two separate compartments, ‘ofte 
forward of the other. It consists of geatéd turbities of the Parsons type, 


there being a high-pressure and low-pressure turbine in each engine room ; 
the high- and low-pressure turbine pinions mesh with one gear,;which is 
on the propeller shaft. .The backing turbine is located in the after-end of 
the low-pressure turbine casing. The high-pressure turbine was designed 
to run at 2,988 revolutions per minute, and the low-pressure turbine at 
1,775 revolutions per minute, for a shaft speed of 436 revolutions per min- 
ute, giving a reduction for the high pressure of 6.85 and a reduction for 
the low pressure of 4.07. The high-pressure turbine is arranged with two 
connections for live steam, one being for cruising and the other for full 


power. The turbine thrust is taken by two S-inch Kingsbury a amet 


CONSTRUCTION, “OF GEAR. 


Fig. 20 Neha the general arrangement of one of’ ‘the gears. - Each 
reduction gear consists of two double helical pinions meshifg into a single 
gear. The pinions are of nickel-steel ; the geet rims are carbon steel forg- 
ings and the gear centers ate’ cast steel. “The high-pressure pinion has a 
pitch diameter of 9.91 inches, the low pressure-a diameter of 16.69 baches, 
and the gear a diameter of 67.96 inches. The total length of tooth face is 
377% inches. The spiral angle of the teeth is 39 degrees 53.minutes. The 
high-pressure pinion has 41 teeth, the low pressure 69 teeth, and the gear 
281 teeth. The oil. for lubricating the gears is taken from the forced 
lubrication system and is supplied through spray nozzles. The main thrust 
a is a 21-inch Kingsbury bearing with its housing built into the gear 


The boiler plant consists of four White-Forster boilers sstanoed.j in two 
watertight compartments. The boilers have a total heating surface of 
27,000 ‘squate feet. Each boiler has an independent smoke pipe 20 feet 
high above the main deck. “The boilers are designed to’ burn oil fuel on 
the mechanical pressure atomization principle. : 

The oil-burning equipment consists of two light-service booster pumps, 


four heavy-pressure duplex service pumps, and two oil heaters. Half of _ 


this is located in each of the two firetooms. The booster pumps take a 
suction from. the storage. tanks and deliver tothe service pumps, which 
deliver oil to the burners through the oil heaters. Oil is supplied at a 
pressure of /about 250 pounds per square inch. - A small hand-pump is 
located in each atetUlen for for raising steam. Air for combustion is supplied 
at a pressure of about 8-inch. water pressure by six vertical turbine-driven 
‘three being in each firetoom. 4 

DESTROYER ‘APPROACHING scour 


The destroyer, i in size ‘and speed, a pprosthies very to 
scout cruiser, and-it is very probable that the: latter will be displaced by 
destroyers of somewhat greater tonnage than the Dent class and which 
will have considerably more speed than the scout. cruiser. The tendency 
is toward a merging of the two types. Howevef, it is too much to expect 
that the development of the destroyer will continue at the same rapid pace 


that it has set ‘during the five years of - Marine 
Engineering.” 
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STATES NAVY FOR: ENGINEERING ‘DUTIES. 
By LIEUTENANT Conant R. R Surrx, U. S. 


OF ENLISTED PERSONNEL OF: THE: UNITED 


At the of the war the Bureau Navigation: of De- 
partment ‘was confronted with the problem of: supplying trained engineer 
personnel. to man not only the. vessels of the. Navy in reserve; which were 
then being rushed into active. commission, but the interned: ‘German and 
Austrian «ships which were completing the repairs! necessitated’ by the 
sabotage they suffered during their internment. New construction in excess 
of anything heretofore attempted was being. planned,. while’ construction 
under way was being rushed to completion. Deck personnel was required 
also; but, as Navy training has always; chiefly: concerned: itself” with: the 


training: of its deck. personnel, facilities and) methods were already avail~ 


able for this, training ‘and: only required !expansion.» The training of the 
engineering personnel has, however, always been a slower process on 
account of'the greater. degree of skill required in the handling of mechan- 
isms. Our merchant marine. .was small and..the* comparatively few 

merchant engineers could not.be spared to. the Navy. Naval’recruits by 
the thousands could. be. sent. to. these ships, but the sending*of green men 
to do the work of trained engineers and firemen was sapere as im- 


practicable, < 


A conference was called at the ‘Bureau ‘of Navigation, fee was at- 
tended by representatives of the commander-in-chief of the Atlantic fleet. 
The from the fleet proposed a:scheme: meant-a new: 
departure for the Navy. It required setting aside a great many old ideas, 
but it sounded good: The: conference adjourned until the nextday, when 
the details which: had been worked out over night were presented, They 
were: ed, and at the suggestion of. thé chief: of bureau:it decided 
that»an officers should: be ordered: tothe staff of! the 

The salient. features. of. the,.proposed. scheme. as. in, the ‘com- 
mander-in-chief’s letter. were as. follows:.). 

(1). Eight battleships, of. the, older, type.to be, assigned to the paramount 
duty. of. training engineers, 

(2) Reduction of deck, complement, room, fom the 
increased, number of, engineers, 

Greatly increasing the engineer, petty, officers to. provide suitable 


(4) Removal of practically all ‘firemen. ‘trom ‘ships assigned dar duty. 

(5) Increasing the number of trained. engineer officers for each en- 
gineering ship. 

The only two. ships at, the time were the and th 
Kearsarge.’ Later’ more’ ships the ‘traifiing’ squadron.” 
ships were” ordered ‘to: revise complements’ immediately and to’ trans- 
fer all engineer’ personnel except ninety men. ‘Additional petty “officers 
to make’ up the nifiety in the ‘required ey were transferred from battle- 


ships hot engaged in this work. All’battleships were to regard one-third 


their engineer as available’ for transfer, btiged ‘to 
recruits: to ‘this for their “own ‘vacancies 


; 
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A senior assistant to the engineer ‘officer and two commissioned officers 
of engineering experience! for training officers were ordered to each train- 
ing ship. The complement of petty was as 


dass. 


steamers and: other auxiliaries wher 
Hatta} ship was ‘required to teaity men at. one: time: 


Water. tenders 


te 288 


electrical force, which brought the totalito nearly 400... The regular 
engineer’.complement. of the.Alebama, for; war conditions 170, and. 
during peace much less than this. In order to facilitate ‘the work of 


receiving, stationing and transferring so large a oe of men, it was: 


decided that half ue transferred at a time. Six weeks was decided upon 
as, the training period. In order to alternate the transfer and: commence: 
the system, half of the men had: to,be»transferred;at the end of the first 
three weeks. The better half were selected, this being possible owing 


to the fact that the first men received came from the other ships, had 


been on board anywhere from one to three months and had got some 


: training before being received on board. 


‘Upon the internal organization of the ‘ship depended: the’ success of the 


entire scheme. It was realized that the moment the individual man under | 


training did not receive close personal supervision’ by some one person. 
the entire scheme would fall down. The entire organization | was based 
on this idéa-and the squad system was inaugurated. 

It has been stated that no one person can intelligently ‘supervise the 
entire work of' more than’ eight men; when the number is increased be- 
youd this the Closeness. the is relaxed. 
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SQUAD ‘system ‘INAUGURATED. itl 

men ‘under training. ‘were ‘into. four companies. 
had two companies, each company was commanded by a chief petty, officer. 
The company consisted of seventy men. under training, divided into ten 
squads, each squad being commanded by.a petty officer not below the rating, 
of first class. . Two. of these squads were engine room squads, of six men 
each, with a machinist mate in charge of each. One squad was in traini 
for water tenders and was in charge. of a chief water tender; seven squa 
each squad was in charge of a water 
tender, 


some» permanence was essential. 
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engine room squad of six, men. two men. fi 
‘for efigine drivers ‘and four men in oilers, The 
ship’s oilers were utilized as instructors on watch, but not ‘as s si 


the: was first put inte’ operation’ ship iw Assigned’ 

a Depot’ Division. ‘Each battleship division in’ squadrons three’and four’ 
assigned two training ships for the purpose of transfer ‘and receipt 
of'men. The trained’ men were sent back to the Depot’ Division ships, 
which’in turn transferred them where needed. A steady inflow’ of recruits: 
was supplied ‘to the Depot Ships, to supply ‘the needs of. the ssargcay Bone ships. 

Recruits without previous experience ‘were sent for’ training’ as 
firemen of naval experience were sent to be trained as water tenders, while 
recruits ‘having mechanical ‘ex rience: in civil life ‘were ‘sent for traifing 
as -oilers/‘and’ éngine drivers! latter term was devised to ‘supply men 
who could operate machinery. Tt was ‘thought that men. could be ‘made’ 
available for the specific duty of handling: an engine much more ‘quickly, 
if their “training! was confined to this particular subject: It was realized 
that any attempt to train men’ for getieral duties'in the engine room would: 
require'a deal! more time’ than was available: “The need for mien was 


Mich of ‘the: success of the training: was directly attributed: tothe fact 
that the recruits. were ‘men’ of ‘an unusually high order of ‘intellig 
nearly all of them having enlisted for voluntary service upon ‘the outbr 

of war. “Many excellent’ mechanics’ were ‘enlisted under the rating of 
mathinist mate, ‘second ‘class, ‘and, while ‘they ‘had no ‘marine’ experience, 
they ‘made excellent progress. firemen were found*many men’ 
who’ could ‘have been ‘enlisted as ‘machinist’s mates. Most of them, how- 
ever, had rushed ‘into’the service in any rating. No difficulty was experi~ 
éticed obtaining for the engine’ root branches, but “it was soon 
found that ‘the ‘supply of firemen’ of experience for ttaining as’ water’ 
tenders was running low. A water tender can learn his regular duties 
without much difficulty, but experience in firerogm mishaps is essential as 
In sted be néw men for this rating it was that 

they had, been trained. for this work,. ‘Sow gititiert 
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‘The men showed: the greatest enthusiasm for their’ work. They realized 
that everything possible was being done to instruct them in their future 
duties; that they would soon be ¢cast‘upon their own responsibilities and 
would be expected to produce results, Men who received a certain mark 
were recommended for one higher rating;-in-some cases men of unusual 
ability were jumped® from third class fireménto* oiler, machinist mate ~ 
second class of firemen first class. After. a new draft had been on board 
one week and some knowledge of the personal--qualifications of the indi- 
viduals had ‘been ‘obtained, it was necessary to ‘shift a few. men about so 
as to give them an opportunity to qualify for the more expert ratings, 


while some men in training for the higher —, were er to the fire- 
men squads. 


8 
REPAIR WORK DURING NIGHT waters: 


“During the first months of training ‘the ps gi ot under w / at dawn ahd, 
steamed until sunset, banking fires over night. On the Ala fabama all repair 


work was. undertaken during the night watches. Feed pumps were opened, 


condenser tubes repacked, bearings adjusted, and everything closed up be-. 
fore four A. M., when steam was turned on the main steam line for 
warming up. We welcomed the. opportunity,.to,.repair something and 
required the men under training to do all the work under the super- 
vision of the petty officers... It, is surprising bo ww quickly.a/man-jcan., 
to.do something if, he,is allowed to do it hile under way. alk the fini 
was done.by the men under training under the supervision of, the squad 
leader. . The -water..was tended by the men under. instruction for,,that 
rating,, under the supervision of the squad leader, a chief water tender. 
The engines. were and .oiled by new. men, It was) difficult to 
persuade the. old men that, they must allow. the.recruits to do, everything, 
but they finally got the idea,.and later rather.enjoyed it... 

a Monday morning after ‘the receipt of a mew. draft the. ‘ship. would. 
be -way, by .an-entire.crew, of green men,;. Sometimes, upon get- 
ting under way, a signal. of one-third speed ahead, followed by: anot 
of; two-thirds. ahead, and. another: of. standard, speed would be receiv 
from the bridge before. the, student could get the engine turned: over.;.. But. 
no one was.allowed. to interfere, and unless, the situation on the hedge was) 
known to be urgent they were allowed. to wait, and suffer the delay. It 
must be said that the commanding officers made the best, of. the situation, 
and, while regretting the subordination of the military mission of their 
ships, lent their heartiest; co-operation: to:the. sengineer., officers. 

As the ,interned ships were completing their repairs, the Depot Ships 
were discontinued and the men sent.directly to: the receiving, ships... 
draft, was: detailed specifically for the ship to .which it was,going and, 
the, interest ,ran high. ..It .was. mecessary..in self-defense obtain and. 
post all; dataavailable on. the ships in question. to. satisfy the, curiosity of, 
the men..,By.so-doing, it lent interest,to the. training.;.. When ‘the Vaterland, 

now. the Leviathan,. was, commissioned,,.each wanted to .be:, sent, to: 
her... When therewas no: objection, each . of the top men in their. squads, 
were-allowed to ask for the ship they wanted,,and their request was. 
granted, if possible, The men. in the’ deck, force; commenced going to the. 
mast, requesting. to be} in: the of. 


‘the ‘commissioning of the interned ships, the men! 


¥ 


completed 
the training course were sent to the camps’ at the variotis navy’ yards. The 
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new drafts were received directly from the receiving ‘ships, and. this method 
was steadily followed. © 


As stated above, tHe training ships operated during the p hae ‘onty: during 
the first months of training. Later, however, all ships operated with the 
fleet, and the training afforded the men below, while not.so good for the 
engine drivers, was,better for the firemen, oilers.and water tenders, inas- 


much as the ship.was\operating under conditions .more. closely approxi- 


mating the conditions the men were to meet. It gave the firemen experi- 
ence in cleaning fires, which. was not necessary when fires..were banked 
each night. At the same time the upkeep diminished. rather than aneeseeed, 
as might have been expected pete the nature ofthe work upon ‘which the 
ship was engaged. xs 

The watch standing was was supplemen mented oe instruction periods, twice a 
day forthe men not on watch. was arranged with regard 
to the watches. afl: ‘men in training for same rate the same 
instruction. 

The following : courses er instruction were given. “These were pr 
mented by lectures on naval usages and customs of the service: 


COURSE OF INSTRUCTION. “ 


ENGINE DRIVERS AND OILERS. - 


Feed Water Supply.’ 
(1) Height of of ascertaining. 
(2) Supply of feed water—how obtained. 
(3) Action necessary at failure of feed water. s,s 
Main Engines. cre 
-1(1) Throttle valve, butterfly valve, by-passes, bleeders. 
(2) Reversing engines, link gear and cut-offs. ds piace 
(3) Cylinder. drains and relief valves. Rese 
(4) Gage board. 
(5) Bearing, main, thrust, and steady. eacia” 
(6) Piston rods, valve stems, crossheads, gibs and. gue 
7) Engine and fireroom telegraphs and counters. — Moy 
8) Vacuum and loss of same. + 
9) Oil—grades used for different purposes, ; 
10) Oil service and water service. 
ain Engines and Auxiliaries. 
(1) Feed pumps, main:and ue best 2 
8 Air, pumps, circulating pumps and condensers. . “sed 
3) Feed heaters, separators and traps. 
ted and Steam Lines. 
(ay) reserve tanks, pumps, connections, feed. main 
aux: 
Ship's Drainage, Fire ire. Main and System. 


WATER. TENDERS AND FIREMEN, 


and Firerooms. 
Scns Coal tally and’ passing coal 

(5) Care of bilges and strainers.’ © 

"Feed water—height of, supply, how obtained, necessary for 
failure of water, 
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(1) Bunker gases—safety web 
(8) Time firing device.” idwellod 


(3) Feed ‘tanks, ‘reserve: tanks, pumps ‘and 
“Ship's ‘and” ‘Flushing “System—All Boiler ‘Connections 
ittings. 
Safety feed’ checks! and stops, bulkhead stops 
Steam ‘traps and cut-outs) 
(3) Water columns and try cocks. © 


(4) Drums, handholes, manholes, ase casings. ahah 


Each subject, was developed by ai questionnaire for, the, use: ‘tbe 
te se and there is in use on board: at the present’ time three. pamphlets, 


one for course. of one be is given below: 


COURSE: FOR ENGINE “DRIVERS AND! 
Lesson ‘No. 12) 
1. ‘Feed Water Ship's 
andy: ‘Book, PP. 8, 155, 
and 161. 


Questions may be aoe ap ‘for this lesson from references given, 


Q. —Describe the following parts of the: water system, including 
the material of which they. are ae 


How do they operate? 
How are they connected. to other 
What care and preservation is required? 

troubles are encountered? 


1. Reserve feed tanks... Feed. 


2. Feed tanks. 6. Grease extractors... 
3. Feed tank filters. Feed. lines; main. and: 
4. Feed pumps. expansion bends. 


Q. What is back pressure? Where is it used? “How much 
How is it regulated? What is a hot’ well? Where is it? Why? What 
is in it? Why? How often are filters cleaned? Trace the main feed line 
from the feed tank to the boilers, naming all the valves, pumps, expansion 
bends, connections. and cross-connections and. other atixilia iaries in the line. 
Why are there two feed ‘systems? Tell whete they are'and what ‘cross- 
connections are between these two lines. .When would. you. cross-connect. 


them? How would you put feed water into the reserve tanks? . How 
‘would you get it out? 


The course was developed on the Alabama. into the: series. of. 


of which the above is an example... They were made.as simple as possible 
in order that all might understand them. The course as published, is in 
use on all the training ships. Each ship has developed the subjects, while 
several have adopted the Alabama pamphlets... 

the conclusion ofthe course.a page.was inserted i in, the 


each man, giving the following information: ;., 
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(Cin-C Letter No. 1985 of 424-27) 


' ‘The training has’been in operation for about fifteen’ months at the time 
_ -of writing this article. Approximately 16,000 men were ‘trained in this 
time. These met are now doing duty on ‘all types of ships, including 
battleships, cruisers, transports, destroyers, yachts and submarines. On 
a recent trip abroad, the writer had an opportunity of questioning a great 
‘many of the men who had passed through’ the training course. Many of 
them had been advanced in rating. ‘This isthe best indication that their 
training had been satisfactory. The reports ‘réceived from the officers who 
were working with these men’ were very satisfactory, 
‘What was'a great problem at the beginning of the war has been solved 
im a very sitighe manner. If it had not been satisfactorily solved, it is 
believed that the Navy would have been seriously hampered in its opera- 
tions. The absence of fireroom and engine room casualties must indicate 
that these men who have come into the Navy since the’ commencement of 
the. war have been making good. The officers who have had'a part in this 
work can feel that they have contributed directly and’ effectively towards 
the excellent showing of the Navy ‘during the past year—* International 


PROPULSION OF SINGLE-SCREW SHIPS. 
"Phe determination of the ‘horsepower necessary to drive any particular 
at a given speed may be made by. the’ choice of ‘a ‘suitable Admiralt; 

n 


constant or by model. experiments. the former all the factors whic 
comprise’ the performance of the ship are included, and no special ‘calcula- 
tions are required to ascertain the resistance of the ship or. the efficiency 
- of the screw. Certain advantages therefore are to be gained from using 
‘the constant methods, but these are nullified to some extent by the un- 
certainty as to the cotstant to.choose. Care must be taken ‘to fix one 
which from previous actual. experience has been obtained in a vessel very 
‘Close to the type being powered. When the model experiment method is 
adopted the problem is only partly solved, as the effective horsepower thus 
obtained forms, roughly only one-half of the’ total’ power to be installed. 
‘The, choice of the, proper propulsive efficiency thus fecons comes dn important 
item, and this can only be done with ‘satisfaction when the effective and 
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In the analysis of the performances. of :ships' it ‘has been a matter of 
some surprise tg find that in spite of the high hull efficiency single-screw 
propulsion does not ‘appear:to’be much superior to that with twin, triple 
or quadruple screws.. When Sir William White many yéars’ ago ‘gave 
a paper to the Institution of Naval Architects. on “The Speed. Trials of 

ent Ships of War,” this feature. was referred to. - Many’ times: since 
then has the fact that single-screw ships do. notsurpass twin-screw vessels 
-in gross propulsive efficiency been alluded to. In the case of the Vespasian, 
for example, the results. of. which were: given by ‘Sir Charles Parsons to 
the Institution of Naval Architects in 1910, the propulsive efficiency was 
only 53 per cent with .reciprocating. machinery, a performance which has , 
often been excelled. by. twin-screw -vessels. 

It has been suggested. many: times that the efficiency of a good propeller 
should .be in the region. of 70. per cent. -If this figure were accepted, the 
difficulty of accounting for the moderate propulsive. efficiencies of single- 
screw ships becomes the more acute. Now it is probable that the majority 
of screws in common use may. have such an efficiency when revolving ‘at 
some particular slip, but .it. is.certain that, when revolving, such screws 
are exerting the necessary thrust to drive the vessels to which they are 
attached at their particular speed,. the real. slip at. which. this thrust is 
given is greatly beyond the point of maximum efficiency. . This point has- 
been admirably illustrated by the latest experiments of McEntee in. the 

A certain propeller was attached to four separate,models and propelled 
in the ,Washington basin. It was found, by independent. experiment, that 
this. particular screw had a maximum efficiency of 71 per cent at about 13 
per cent-real slip. ‘The efficiency curve then fell rapidly, until at 53 per 
cent real slip the efficiency was only 50 per cent. ‘[he models were of a 
full cargo ship and the slips at which the screw was. working when the’ 
necessary thrust. was given varied from 40 to 50 per cent in the four 
models tried. The actual efficiency of, the propeller within. these limits 
was 60 per cent: Ona basis of shaft horsepower the hull efficiency value 
was 1.05, the wake being greater than the thrust. deduction loss. If jit © 
be assumed that the mechanical. efficiency of reciprocating machinery is 
90 per. cent, this 63. per cent on,the shaft horsepower basis would be 
reduced to about 56 percent on a ;basis of indicated horsepower—a not 

It must be remembered that, although in single-screw vessels the pro- 
peller is placed most advantageously from the wake standpoint, a large 
thrust deduction factor is generally associated with these high wakes. 
__.In- the measurement of wake values in a model basin it is possible. that 
some erfors arise, not necessarily in the determination of, these factors, 
but in their direct application to full-sized ships. In model experiments 
the frictional. resistance is a greater proportion of the. total than is the 
frictional resistance of a full-sized ship; that is, a correction must be 
applied to the model resistance in order to arrive at the proper ship . 

resistance. If, then, the frictional resistance is magrified in model results, 
is it not more than likely. that the frictional wake is also greater than 
would obtain in the actual vessel? What the, difference would be. is 
problematical, but it undoubtedly would have the effect of reducing the hull 
efficiency as measured by tank methods and go in the direction of account- 
ing for the obtained propulsive ‘efficiencies in single-screw ships. if, 
he main point, however, is in.the logs in efficiency due to the great 
slip at-which the majority of single screws operate, When limited diam- 
eters obtain, the thrust necessary to propel a full slow form can only be — 
produced when the screw is revolving with great slip, and this means on 
the descending point of the efficiency curve. pect as 
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It will be interesting to learn from the ‘restilts of the trials of the numer- 
ous ships, being fitted with geared ‘turbines if the hopes of 
relatively -high. propulsive efficiencies with thesé are’ obtained. Unt 
nately, | the..war retarded ‘the adoption of this type of machinery in ‘cargo 
ships,..and insufficient data are at. hand: regarding ‘the: ‘sea performances 
of, geared turbine vessels: Should the :hopes be realized; a‘great ‘step will 
have been made-towards the attainment: of higher efficiencies and’ great 
Serpe International: Marine: Engineéting.” 
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NOTES. 
‘Lord’ Fisher’s recent communications to the “‘ Times,” urging economy 
afresh Some’ controversial points. nation is not unmindful. of. the 
contribution in the Rest Lord Fisher in adopting strong. measures. to 
3 ei at all costs ‘that ‘thé efficiency of the Fleet should be maintained 
4 at the ‘highest ‘possible value. A reminder is hardly needed of the. part 
Played in Secufing such efficiency of fighting force, by the. water-tube 
biler, ‘the ‘steam ‘turbine, the big fon. and the sateltine.. or of our in- 
a debtédness to Lord Fisher in his advocacy of these important, factors... As 
; a’result, ‘such improvements were effected in naval. engineering. that, when 
— a the ‘war commenced we led the world by a good. margin, Lord Fisher also . 
_. realized at an early date the potentialities of the internal-combustion engine 
i as a méans of propulsion for fighting ships. 
- This subject’ was first raised in a paper before the Institution of Naval 
Architects given by Sir James .McKechnie on March 20, 1907. Later.-on, 
: it “will be ‘remembered, a Royal Commission was set up at the instigation 
mb of Lord Fisher, and presided over by him. The findings of this Commis- 
| sion have tiot beén made public, but va generally recognized that. the : 
report was 4 ‘disappointment to Lord Fisher, to the extent that it indicated 
at' the time when the inquiry was held a amount of development 
IT remaitied to take. place before the internal-combustion coulc 
| be regarded as assdiling the first place in naval propulsion firmly and . 
| justly occupied ‘by the steam turbine. The Commission certainly serv ads] : 
a | useful purpose by the collection of evidence and data which showec i 
clearly the State’ of the internal-combustion at that time and indi- 
| cated the work to be’ undertaken and the prot ems to be solved before i] 
| pplication of the Diesel engine. to. naval work. o 
| Oil having been proved in. practice in the interval 
| to’ be the fuel par excellence for naval use, Rat Diesel being that type 
| lie that fel with man 
this class of prime mover) 
ord Fishers recent letters to tne press have given rise in the minds of 
| many efigitieérs' to that reconsideration. During 
. such ‘subjects would not have’ been and feliance. was 
rather on‘comibinations of well-tried ‘units, changes. being made only after 
fall oF the possible detrimental effect. on 
should’ the!’ anticipated be completely negatived. 
| owever, was the mass of ‘the production of naval machinery, under- 
kei ‘during the ‘wat that’ short steps ‘catried us relatively long distances, 
; during this period in most of the branches 


marines before the war was ‘the»standard; except for minor improvetents, 
at the end. The Germans» in’ their submarines’ had engines! of soitie 300 
brake /horsepower per cylinder (see “Engineering,” “German Submarine 
Diesel Engines,” June 13last,; page 763), andthe Clyde during thé “war 
produced, a merchantman ‘with two main enginés of ‘16 Diesel cylinders, 
developing in normal running at) séa a total of: 6,600 indicated horsepower, 
or oyer 330 brake horsepower per cylinder. ‘The engines’ reférred’ to’ are 
the four-cycle single-acting ‘Diesel ‘engines ofthe! motor ship “Glenapp. 
The cylinders have a diameter of 760'mm. (29.92 inches) with a stroke of 
1,100 mm. (43.31 inches) and run at 125 revolutions per minute. - These 
are not experimental engines, although, much, work of such:a‘nature has 
been undértaken and remains to be recorded. Before the war many rumors 
concerning Diesel. engines. building on the Continent for battleships .were 
current. The ‘facts are briefly as follow: _The M-A.N.. Company, at 
Nuremberg, built ‘a three-cylinder two-cycle double-acting engine, from 
which several thousands of horsepower were expected. The results, how- 
evet, weré disappointing, and a serious accident—an explosion in. the 
scavenging system setting fire to the staging and screens erected round the 
engine for’ secre¢y—which, however, concerned only very indirectly the 
main principles of the Diesel engine, had the direct effect on the Continent 
of stopping the great amount of experimental work of very similar.nature 
in process at ‘that time, Messrs, Krapp in Germany built a 2,000: brake 
horsepower double-acting two-cycle cylinder, with which no. substantial 
success was achieved. In France Messrs, Schneider, of Le Creusot, under 
license from “Messrs. Carels, of Ghent, constructed a 1,000 brake, horse- 
power sing leaching engine, regarding which no detailed results 

cceSsful of such units was that of Messrs. Sulzer, 


“Perhaps the most § LAC 
of Winterthur, where a single-acting two-cycle cylinder of 39,4. inches di- 
ameter by 43.3 inches stroke developed at 150 revolutions per minute, it is 
claimed, 2,000 brake horsepower, with a fair measure of success, pense, 
at any rate, to justify the ‘bailders in standardizing a two-cycle cylinder 

600 brake’ horsepower with a cylinder diameter of 29.5 inches and a stroke 
of 39.4 inches, running at 130 revolutions per minute. A six-cylinder 
engine Of these units gives 3,600 brake horsepower, and of these. several 
have been‘ built for land work. 
“These pre-war Sxaniples indicate the progress made up to that date, 
and it must be admitted that the large experimental engines were generally 
unsuccessful, even although they were designed and built with the one 
and only aim of giving the maximum horsepower regardless of. any other 


_ considerations such as weight, compactness, piston, d or) speed of 
_ revolution.” The ‘explanation is to be found in that. they were too far 


ahead of the knowledge at that time of this type of engine. .In some 
cases the experiment may have been justified on the score that the infor- 
mation gained was applicable to and effected improvement. with engines 
of moderate power. The'raison d’etre of this pre-war campaign..was that 
Germany, in many ways the home of the Diesel engine, had lagged behind 


with’ the’ steam turbine, but hoped by intensive government 


fostered, to regain, with this prime mover, the place she had lost on 


account of out progress meantime with the steam turbine, In this Ger-. 
‘matty ‘failed,’ although her ine builders can claim that their largest 


_ war submarine engines showed latterly a power capacity. per. cylinder, of. 
nearly three times that achieved by the British standard engine... 


“Another landmark is the 400-500 brake horsepower. submarine nit 


ea of 350 revolutions per minute, designed and built by Messr. 
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believed; .been., obtained, Six-cylinder engings-, composed .these units 
haye been built, developing 3,000 brake: horsepower! per: engine. 
These examples indicate in a general, way. the various steps: in, the de- 
velopment of, the Diesel engine up to the present. time.” The question’ then 
is, can we, assess a, value'to this: progress, in. comparison -with the. total 
distance required) to be. travelled before such prime: movers can be. con- 
sidered for first-line fighting units.of the fleet? In.view.of the success 
of the steam turbine, such a, consideration, will be regarded by some.as un- 
The Diesel engine possesses potentialities for fighting ships that demand 
repeated attention in order that they may be equated to naval require- 
ments if and’ when’ the’ known deficiencies ‘are! rentedied., attractions 
of the Diesel engine are: Ets \oil-economy, \tising the most suitable naval 
fuel, far surpassing the best results achieved by or predicted for the steam 
turbine; its readiness for immediate service without requiring warming 
through etc., the relative ease with which exhaust gases.can be dis- 
charged compared with these for steam plant, thé better arrangements o 
guns and machinery due to the elimination of the upjales and the substi- 
ly s. Against these ad- 
vantages must be set against the disadvantages of small power per 
cylinder, the high weight, height and uncertainty of operation, especially 
with large units, under certain practical conditions. 


Instancing .three standard power’ of naval vessels,’ the ‘small battle 
cruiser and the battleship, and light cruiser. and torpedo-boat. destroyer, 
the first of 80,000: shaft horsepower, andthe others of from 40,000 to 
27,000 ‘shaft horsepower, and ‘assuming cylinders of 1,000 brake horse- 
power, 80, 40 and 27 would be required. The maxinium number, of’ Diese 
cylinders in atiy vessel afloat is found in ‘the “J” class submarine boats, 
their 36,cylinders (three, 12-cylinder engines). The maximum hum- 
ber of units which can be rogerded as suitable is therefore relatively large. 
Twelve turbines and more than twelve boilers are not regarded ‘as exces- 
sive in steam practice, and 36, cylinders in thé case of internal combustion 
engities have, as already mentioned, proved a sound arrangement. 
bes respect, of increase of power per unit. with Diesel engines, progress, 
it will be seen, has been relatively stow. Up to 300-400 brake aps cai 
can be said to be.proved ‘at the present time to be practical politics. Higher 
ywers still can no doubt be made to give quite satisfactory service, but 
the demand hitherto has been severely ‘limited by the remarkably rapid 
success of the application of geared turbine’ machinery for v of ‘all 
owers, down eyen to relatively small installations. For naval work, 
owever, the advantages of internal combustion create an insistent demand. 
Success in the past, with increasing of Diesel engines fias’ not: been 
achieved without encountering many difficulties. Chiefly, it must be’ state 
on account of insufficient attention being paid to | and ‘intricate but — 
absolutely essential details, of which with .this type of engine ‘there’ are 
-many.. Knowledge is increasing, and a Satisfactory cylinder develop- 
ing 1,000 brake horsepower may .confidently be anticipated in the. near 
future, Whether, however, it will “meet naval’ requirements Or not. is 
another. matter, depending essentially on considerations of weight, s 
occupied, and such.factors, We. discussed the future of this type of 
rime mover. in regard to. these terms in an article entitled “ Internal- 
Combustion Engities Submarines and iy’ 
gineering,” of September 20,, 1918, page 319—and held that the future 
would see in such work much progress, as has been the case with’ other 
prime. movers, notably the petrol aero engine. The internal combustion 
discussed, but still remains no more than a fervent 


3 
4 
| 
By 


It is too early yet to speak in any definite way of future ‘naval: policy, 
yet, in all probability; the efforts of the next. few years, ‘at any rate, 

be concentrated upon the development of those ‘types of: fighting- units 
that have proved themselves’or have indicated the path‘of progress. This 
policy -will entail considerable experiment, in which the Diesel engine’ will 
not be-overlooked.' Such work ‘is: always’ costly, and ‘whether or not the 
results are dearly! bought depends largely upon ‘the’ method of coritrol, 
the imagination brought to ‘bear, and the careful ‘consolidation ofeach 
step gained.—“ Engineering.” 
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DEVELOPMEN’. OF GEARED. TURBINES. FOR THE PROPUL- 


Post 


_ Although the successful application of the steam turbine to marine pro- 
pulsion dates back to the year 1897, when Sir Charles Parsons demon- 
strated in that now historical vessel, the Turbinia, the great advantages of 
the turbine system. when applied to the propulsion of ships, it is only 
_within the last few years that mechanical reduction gearing has ‘been largely 
adopted in’ association with steam turbines. 
_ Sir Charles Parsons always had in mind the possibility of ‘reduction 
- gearing in connection with the application of his steam turbine to marine 
propulsion, and even as far back as 1897 a small launch was constructed 
in_which helical gearing similar to hig’ adopted by Dr. De Laval, of. 
tockholm, with his high-speed turbines for land purposes, was introducec 
between the turbine and the propeller. This is believed to be the first 
of helical gearing to drive @ propeller. 
 _It_was considered deviraple tn view of the very wide field which was 
opened up by. the success of the Turbinia for the application of direct- 
driven, turbines to high-speéd vessels, to confine attention fot a time to 
development in this direction only, and to ‘defer embarking on the addi- 
tional pioneer experimental work incidental to reduction gears of unpre- 
papel The wisdom. of such a’ policy was subsequently shown by. 
he great. difficulty experienced at the commencement in introducing the 
turbine system of propulsion against the conservatism of British engineers 
and shipowners. who looked’ upon such a revolution in the methods 
marine ‘propulsion with a great amount of doubt and distrust, Very little 
experience existed at that time of the accurate, cutting of toothed gearin 
in large sizes, and the additional work involved would certainly have add 
Before, proceeding. to consider the development of geared. turbines,’ it 


ups: 


- Following on the success of the Turbinia, ire ‘torpedo-boat destroyers 
Viper and Cobra were bnilt and, fitted with turbines for the Admiralty. 
..The next step in the case of war vessels was when the system was 
tted to the. third-class, cruiser, Amethyst, three other ‘sister ‘vessel 
ed at the same time. with sagiaes, results of these 
trials demonstrated the economy of the turbine in this’Class of vessel, more 


especially at. the higher powers, and influenced the British Adimiralty in 


pad be_ of. interest to briefly review the pfogtess made in connection’ with 


deciding to have the battleship Dreadnought fitted with turbine engines. - 


1906 the British Admiralty had adopted turbines for all new construction. 
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no; shipowner ‘could be, fo bold enough t make the experiment on 
reasonable terms.’ It. was. ultimately recognized “that the; only. 
conviricirg shipowners the a) proposal .was to 
_build):a> yessel (specially. for: the purpose, and,|Captain: John; Williamson, 
Messrs. Denny: Brothers, and the Parsons; Marine ‘Steam Turbine Com- 
pany, Limited, undertook; the: financial responsibility of, building the Clyde 
steamer King Edward, which was first ‘put itito setvice’in the summer of 
1901, :and has been running satisfactorily ever since that date:; Other. vessels 
very quickly followed ing Edward, until,at the present, time the total 
horsepower. of turbine: swessels ‘on ‘service commercial parposst 
about! 1,600,000 

bOne.of the chief: difficulties, Shadi te: be. tact! in applying: the ‘steam 


turbine: te ‘the: propulsion -of ‘ships: arose :with: the propellers. ;.As is:mow - 


generally known. desirable that turbine: maximum efficiency 
should run: at.a high: rate of revolution, whilstion:the otherhand; for maxi- 
nium: propeller ¢fhciency, much: fower rates) of reyolution are: necessary. 
Obviously one solution was by the:introduction of some-form of gearing 
between: the turbine and. the. propeller; \the!:time;: ,however,; for such a 
departure,» reasons. «mentioned; had.not then. arrived. The 
roblem was therefore ‘to reconcileias far -as ‘possible those: two’ opposing 
tors, atid-to compromise: to:meet:the conditions re- 
quired -by:a suitable lowering: of the revolutions as;then designed: for, land 
turbines, ‘and, a/ raising of: thé revolutions ‘of: the propeller: by ) suitable 
modifications ithe) the:imost; serious roblems 
which: had: to be. faced in) the. design-and: construction of :the: Furbinia, 
and led: in- the propellers; and turbines of: thati vessel 
before success finally to vorsiodis 
With the: the revolutions of; the propefier, the; diameter and 
pitch: ratios -were whilst! ;the: ratio;of blade surface: toldise:area was 
engines. won & ot bot det 
It was found:as a result of numerous and costly that:2 
judicious compromise icould;be, and swas, arrived ‘at, : satisfactory 
combined efficiencies turbines and >profieller: were; obtained for -bigh- 
speed ‘vessels, resulting of; ship ‘and increased economy 
‘consumptfon:! 27 iin betses 
The ¢hiefiigoverning: factors: steam: turbine’ designs: vane those 


economy; weight): and: first: cost, and: it: practice 


that the problem of; applying the turbine direct! to) the! propeller) was, for 
the time satisfactorily solved! to. fulfill these conditions, for: 
about -48\ knots speed and upwards) ia ond mi 

Up to the year 1909 steam turbine. had -not- been. applied to. wessels 
of: slow! and. ‘intermediate: speeds; with: the exception: in: a: few. instarices 
of ‘combination of reciprocating with:a, low-pressure turbine. 
boFrom thei early, years steam tur ne, design, heeame: ‘apparent: that 
the: turbine engine,-was, capable of dealing with; ratios of 
expansion beyond the limits»pessible> with!) reciprocating! engities, vand:a 
combination of reciprocating engines a low-pressure: turbine preseuted 


advantages as regards economy: in that ¢lass:ofvessel where the:designed 


full, speed; fell:-below ithe: range suitable; for; aniyall-turbine arrangement, 
that:is: tousay, for vessels af about :48: knots speed and theatécipror 
ting an arrangement dvorking jin! the region, of pressure 
the conditions are best ‘suited, to iti: and the turbine utilizing 
that ‘portion, of the: expansion: diagram: which: the reciprocating engine-is 
aot able to: utilize efficiently. ‘The etvice results af vessels fitted with this 
combination system! have shown that . 
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effected ‘a>saving of from 12 per: veent in! coal: ‘eonsutniption 
as compared ‘with’ similar vessels fitted with ‘quadruple engines, © 
‘It was not’ until the success of the ‘marine’ steam’ turbine had ‘been 
assured by’ its rapid adoption’ in vessels; of ‘moderate and ‘high speed, and 
more time was available, 'that attention was directed ‘to the’ application °of 
the turbine to slow speed ‘vessels’ by the: introduction’ of gearing ‘between 
the turbitie and propeller. “Several ‘forms: of gearing have been ‘proposed, 
as electrical, hydraulic, ‘and ‘mechanical; “Electrical and hydraulic 
gear have’ been fitted \in' a: few ‘shige, | 
jority‘of vessels ‘have’ ‘been g 
In view of the success obtained by Dr. De xa ok " Stockholm, with 
helical and» double helical gear’ in: connection ‘with his turbine for ‘land 
purposes for powers up ‘to’ about 600: brake ‘horsepower, Sir» Charles: 
sons decided to test turbines mechanically geared to the’ screw shaft.» Even 
at this stage there was encountered avery strong’ prejudice to: gearing, and 
it was found necessary, in order to test its: Practicability for marine work, 
to' carry out ‘experiments: in:a cargo’ boat) 
© Im:1901 an ‘old ssteamer, the ‘Vespasian; was sutchased:and fitted. with. 
geared turbinesin place of her original. ‘triple-expansion’ reciprocating 
engines, but before the change was ‘made exhaustive trials were carried 
out with the original: engines: Full particulars the results of the 
comparative trials of the two systems of machinery were given ina paper 
by Sir Charles Parsons read before the Institution of Naval Architects 
in 1910. It: will be:sufficient here to state that an additional economy in 
coal consumption of over 15° per cent: was obtained in the Vespasian ‘by 


the substitution of geared turbiues for reciproca' engines, and'that the 


efficiency of the mechanical gearing was’ found to: be about 9844 ‘per cent. 
The Vespasian was tun between’ the ‘Tyne and Rotterdam, carrying ‘coals, 
and in‘general:trade for four years,’ and ‘the: hull being then: worn out 
was “broken but ‘the’ turbines’ and«gearing,’ which showed’ no signs: of 
deterioration, were taken out of the vessel and Rees to a wot teen 
the Lord Byron. DNB to, ahs 
‘The success of the Vespasion aroused: pi 
gue s and shipowners; and Professor Sir John Biles was: ‘amongst the 
st 'to recognize the advantages of increased efficiency’ to be derived from 
geared turbines for cross-Channel steamers when he: recommended the 
London and ‘Southwestern: Railway: Company to: adopt geared: turbines. in 
their new steamers ‘Normannia: and: Hantonia, for. their’ Southampton to 
Havre ‘service; and built: by Messrs, the Fairfield’ Shipbuilding: and Engin- 
eering: Company; Limited: The trials’ of those: vessels, which took: place 
in the part of February, 1912, were: successful, and ‘ships: have 
igive very’ satisfactory: on? dd 
Paris, another ‘cross-Channel ‘steamer - for: ‘Brighton 
‘and ‘Coast|-Railway ‘Company; built:a: year: later ‘by Messrs. 
Brothers, and ‘fitted with geared»turbines, and attained a speed 
of 2434: knots, ‘After the’ success of these vessels, other ‘shipowners 
gearing ‘was’ primarily: introduced to: widen the field of opera- 
tion by its adoption for vessels of low speed, it was soon recognized that 
increased: seould: be: obtaitied ‘by: means ‘of ‘reduction gearing in 
fast ships. ‘The Admiralty placed:an order in 1910:for the part-gearing df 
the machinery of H_.M:: torpedo-boat destroyers: Badger:‘and: Beaver, by 
introducing gearing for the high-pressure and cruising turbines: of these 
vessels.’ In:1912) the: Admiralty adopted: gearing; for ‘the .whole of the 
machinery of the two destroyers>Hi.MS. Leonidus and Lucifer, of 22,500 
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_> Exhaustive trials! of these. vessels. were carried sout,:the results of ‘which 
showed:a: a increas¢ in efficiency both ‘at full and ¢ruising speeds 

an. increase ‘in; the. propeller ‘efficiency of ‘about 12 percent, 
an. additional improvement: in! the steam: consumption of the ‘turbines, of 
about 10 per cent at full power, and about 30 - cent at one-tenth of full 
power, a slight saving in the: oF ‘the machinery, ‘as com- 
pared: wit a twin screw arrangement 
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given to reciprocating engines ewing to to the fact that ‘all: the usual buildérs 
of marine turbines were full of orders, and: were: required to’ give pref= 
erence to, the manufacture: of) turbines for war vessels, which ‘limited thé 
~ number of turbine engines which could be built for commercial,-vessels; 
and. also. ‘to, the fact that. the country had | great resources ‘at: its disposal 
for: the. quick manufacture: of, ordinary triple-expansion ‘engines. In ‘the 
standard ships an ‘the type,’ er: geared were 
} ode Midis 199 dg 
for ‘completed and: under:construetion:is ‘about’ 1,400, 
000; and the total horsepower of geared. turbines for -war and ‘commercial 
purposes completed and under construction is about 18,000,000.. Previous 
to the adoption of geared turbines the total horsepower of direct-driven 
turbines was 16,500,000, faking a_total’ horsepower ofemarine turbines 
fitted into vessels and. u der..canstruction, of :about, 34 
The curve shown on>Plate.t represents. .@A)> The: ‘output at the end of 
ins horsepower with irectdriven turbines” ‘(B) with geared 
In the initial stages-of the of, factors were 
required to be considered’ in order. to.ensute.certainty ofvsuecess with the 
rs for ma work, Pethaps the most.im of these was the 
havior of gearing in a heavy -sea-way. available as 
to the life of gears under seagoing conditions, and-very liberal 
were made with-regard to tooth pressures. The experiénce’ gained, how- 


ever, as a result of actual runing: on! service, has te. gfadual i increase 
of tooth pressures. 


One of the chief ‘objections advanced. ingwwas: the antici 
tion of noise and with a view.to- ae as 
fine pitch teeth-with.an angle of 45 degrees dopt pitch of the 


tooth being tater and ad with imps methods of 
cutting, the s angle has heen reduced to 30. salt reduction of 
the angle’ from 45" egrees to 30. deg in- 
crease of tooth pressure. without reduc of sa 
Careful investigations. which-have. ‘to-thescauses of noi 
have shown ‘slight: fmaceuracies in the pitch 
the teeth. An- improved method of -cutti cutting Bear wheels ane pinions so as 
to obtain a higher degree’ of ‘acctiracy was developed, apd described. in 
a paper by Sir Charles Parsons before ‘the Tastitution. of vad Architects. 
in 1913. The “creeping” mechanism adopted is he machine 
used in the process, and jits action -is-such as distribute. 
any errors that-may, be in thé-maehine- uniformly-a dovhe: wheel instead 
of leaving su ‘errors, would ‘be the: case in a machine not fitted with 
“ creeping” mechanism, ‘to occur ‘at definite ‘positions on. the wheel. 
Incidentally, the al ced, resulting in 
quieter running gears: wer of gears cut by 


ied, horsepower 
machines fitted with the about 75 per cent. 
of the total in use. 


ears a further d 
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permi larger tlie ‘ote 
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say’ of 8,000: k 


and: single reduction in some 
fer cents: 


woe 


was 


to, 
tied 


16:'péunds was - 
pounds - per ‘kilo: 


«Watt, anid present! time for large metals 


tions as. kilowatt-hou: ‘with 275: pounds: steam 
pressure and 200. degrees of auperheat, whichis tov about AS 
pounds per brake horsepower, are: ‘obtained: 


marine: work, forthe éarlier ‘vessels ‘steam: consumption 
‘of the turbines worked out at about'15 pounds to 16 pounds per shaft 
horsepower, and in later direct-driven turbineg under 12 pounds shaft 
horsepower was obtained, .whereag at: the present day, with double reduc- 
tion gearing and reaction turbines, consumptioris of ‘under 10 ‘eapiads per 
shaft horsepower “can be* obtained ‘with ‘saturated ‘steam, and under 8 
pounds per shaft horsepower with a superheat of 200 degrees F.. . From 


these figures it will be readily seen that-a-remarkable’ advance has been _ 


made in increasing the efficiency -of.the turbine, the. steam consumption 
being about one-half of what it was eighteen-or twefity ‘years ago. 

By the courtesy of several’ shipowners Table A has Seény prepared, giving 

particulars of the performances of vessels Parsons geared turbines, 
as compared with sister ships: fitted with reciprocating engines. 

There are several varieties of turbinés now in use, s of them. gules, 

_ however, to a limited -extent, but within the: ph ag of © paper it is not 
possible to make more than a few general remark: 

The various turbines may bé classed under the Impulse” 
“Reaction,” and in some cases a combination.of the two. The ake 

_class has low steam velocities. _In-modern entre the blades of a reaction 
turbine are of a reasonable length and 
is higher than obtainable with any other type. 

The question of maintenance of efficiency. and economy in wear and tear 
under long continued service is a very important one to shipowners. The 
reaction turbine is the only system which has been tried over a long 
period of years in mercantile vessels. The result of such - experience” 


points to the fact that, with ordinary care, the economy-of the reaction ae s 


_ turbine is fully maintained after years Of running. This maintenance and 


economy is due to the low steam yéelocities employed. It has been found be 


that with high steam velocities: there is a tendency for the blades to suffer 
erosion, probably caused by ae of condensed water mingled with the 
steam, ‘the action ‘increasing ra with increase of ve . Blades 


which have been eroded show: a in efficiency, but this erosive 


action is reduced the adoption of superheated steam, - 
As regards the life of poine| there appears as the result. of 


io be’ po not have a very long life, of 
course, that ordinary precautions are taken in the manufacture and cutting 
of the gears, and that efficient:lubrication is provided. In this connection — 
it may be mentioned thatthe. gearing of the Vespasian shows practically 


no signs of wear. . The Cairnross, which was the next vessel to the Ves- 
_ pasian to be fitted ‘with geared turbines, has unfortunately been sunk 
by enemy action, The Mahanada has now been wd and three-quarter 
years on continual service, and from a report made quite recently the 


gea is “in as good’ a, condition. as when it first left builders’ 
turbines 


works”; from inquiries made from the owners ong vessel, the 
and gearing during this period have not cost anything for upkeep. 


On land, geared turbines:have been: adopted for’ certain work in con- . 


nection with the generating of electrici In direct-current working be- 
fore the introduction of gearing, difficulties were met with ume the 
fact that dynamo speeds were too low for direct an sing to tur — of 
maximum. ¢fficiency. Owing to the limitation of dynamo. design, the tur- 


- bine speed: had less, than half. the speed 
to maximum in such, cases mechanical .gear- 


ing has: been employed with 


imum possible efficiency — 
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‘heeds are ustially Such that 


‘of the learkiest applications. of gearing was that: of: 
tinuous «running ‘plate rolling mill: for: the “Calderbank’ Steel Works of 
Messrsi'J.) Dunlop.& Co. This gearing, which was of the:double reduction 
type,:and idriven by:a turbine of 750! horsepower,:has» remained im contin- 
uous time, and: showed: no 


» Gearing: hassopened up:a new: field for the:steam: turbine driving 
of: cotton, paper and other mills): 


25 Avnumber’. of anills,-both: in Great» on 
adopted: this: method idriving -with' most satisfactory. results 
the point of view: of ‘economy and: reliability. 
edn conclusion, it may ‘besafelysaid: that. of 
turbine, has added:to: the progress: ofthe world, since! the-turbirie has 
‘considerably cheapened: mechanical: ‘power: om Jand and«::has 
rendered possible speeds greatly in: excess of those: obtainable. with re- 
ciprocating engines) Already ‘it has entirely: superseded :the: reciprocating 
engine for war vessels:and for high speed’ and modern-metcantile. vessels, 
and bids fair in‘the near future to heing applied: on an:extensive scale ‘for 
low-speed’ vessels, in:view! of the substantial economy: im coal consumption 


PRO 


> st e ‘whieh: tas 
close thé introduction ‘and use o the ‘submarine as’ an agent of 
stricted: warfare “by: our ‘former enemies; constituted a menace: of 
mount and vital importance to the safety and welfare of the: arian 
Commonwealth ‘and ofits allied nations.’ 
early as'1915,'a' Board Inventions:and Research was: setup in 
Admiralty under the presidency of Admiral of the Fleet the Fisher 
of Kilverstone, G.C.B., G:O:V.05 LL. forthe purpose’ of 
developi: devices and systems capable of coping with the 
menace.’ ‘his ‘board consisted ‘of: the President and’ Sir 

Pres. the: Hon: Sir: Charles’ Parsons 

.R.S.;- Sir George T. Beilby, ‘Sir: "Richard 
Peirse, K.C.B., K.B.E., M.V.O.; and it was assisted by a panel of the 
ablest scientists available, as well-as, by secretariat and series of sub- 
committees of leading naval officers and scientific experts. 
Im-the autumn:of 1917, afteriexhaustive ireséarches: had been: carried, out 
by this: board; it was: finally: realized: by: all that: the: submarine;problem 
was oneiof the most. difficult: ever presented toscience for! solution. It 
pr clear was necessary to introduce into service: practically a 

néw system of physical science and engineering, and the Admiralty, at, the 

instance :of ‘the»Right Hon. Eric Geddes,-G.B.E.,, K.C.B., M.P,j; First 
Lord, decided :to: broaden the field from’ which scientific and | 
talent could|be drawn, and set up. within the Admiralty, a, Department 
Research and Experiment under direction | of Mr. Charles Merz. 
The Board at and Research was in this. 
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and »Anti-Submarine: Committees were constituted:im such: ine 
dustrial and: technical, centers asthe: Lancashire and 
In the naval service, too, a special Anti-Submarine Division! was ofgan- 
ized under Captain W. Fishery C.B.; RIN; ‘and ins thesDepartment of 
Torpedoes ‘and: Mines: ‘Rear-Adinivak: the Hon: Si ‘Pitzherbert, 
later under ‘Captain'(rior Rear-Admital).F. L,. Field, 
Provision was «made: for,.greatly extending by ‘research, ‘experiment 
trial the: capabilities and: use: of: improvements: in amines and torpedoes: as 
aids to naval warfare. Steps were also taken to&:promoteithesclosestiand 
efficient co-operation' between: the departments of: the? naval ‘service 
and those of_the' civilian scientific ‘staffer: to 
ov Extensions }weré also made‘iti: their organizations Allies; and. as 
acresult of this-greateffortit may: be: stated that ‘bythe tate summer) of 
1918 it became clear to those’ associated: withthe ‘movement, ‘that the 
submarine problem: was well! inshand from ‘a sciéntific point ofview, that 
thé chatacter"ofsthe means’ of!*coping> with’ the’ menacé/in an? effective 
manrier’ was ‘clearly ‘defined, and: that! the:eliminationof:the the 
service*was' only) matter of. a:few ot 
oo Atothe ‘timesthe ‘Armistice: was: signed, ‘only, ‘a: few. of«the: 
were ‘actually in«service; but the results 
which obtained: by means of:these ‘forthe short»fime they weré.in 
use! were proportionately great.:i Itiscbut -righit) to ‘say: that ‘the destruction 
of by f far the great er of the enemy submarinés ‘which were rendered 


innocuous’ accomplis by the naval’ service by the use on 


‘otentially;, ience., by adya 
toned in the field of development of systems and devices it: can 
be said;!:speaking- conservatively,’ that. the submarine: in! its:present «stage 
of development and. the: of ase:hitherto adopted :/by, our 
former enemies been: ‘overcome: as: our lational, safety and 
For several reasons one in my position’ cannot give details of 
of) the »measures taken. and means’ of: destruction! adopted in) anti- 
submarine campaign; but it is in the national intetest to foster and, stimulate 
co-operation by) our people in ithe devélopment of sciénce and .of;-its' appli- 
cation: to naval and other marine problems. the followirg paper, there, 
fore» a brief, survey! will jofsthe. notable advances 
madevin dealing with,:cértait naval and marifie Orcsented: to us 
on: the naval nawal sideduring thehwar: BAY 991090 
Listening Devices As: the oP ine attack is 
‘tosits' invisibility) it! is ‘clear that methods! mist be 
employed ‘which will! veveall its ence information 
tegarding tits movements.’ the “physical *disturbances ot 
produced ‘the pressure: waves’ ‘set in by 
vibrations having their source*ir? the vessel’ dre the dries’ hiarepropa+ 
to; and are detectable-at, the greatest distance: Efforts were there: 
re: directed fromthe first to the development of listening devices. 
inivestigations’ in ‘rangified cand iwere': 


5 
. 
, 
x 
a 


type: of ‘modifications and and attachments. nich 
But probably: the! method of determining the direction. oh a. iok 
sound: waves in water which has proved to be the best. is founded on the 
fact that the sound wave isin the same’ phase: at all: points of its; wave- 
front. ‘Thus, there were two hydrophones, in themselves .non-directional, 
ed inthe path of the incoming sound, they can be used for. finding 
direction::of the» origin ‘of the»sound: if the phase difference between 
sounds ‘received can be detected. ‘There are:two ways of doing this: 
fbi andthe “sum:=and The 
binaural: method deperids:on the fact: that! ifsthe:sound; from one: receiver 
im, and this 


alteried:: It can be to a certain with 
respect to the listener (say; to the position directly in: front). either: 
rotating the: two receivers about an axis, or by: introducing an artificial 
delay in some form of “c sator.”» This: binaural, method, which has 
interest from’a p and. physiological point:.of; view; has 
the subject of much ‘work on the-part of: both British and American 

scientists;and in: the antisubmarine campaign it-was found’ tos bebod 
considerable service. 

Im the “sum and difference” method the impulses from the: two tcsivers 
are united béfore ‘reaching: the ear; the-combiried: effect: observed 
ininimum when: the: phases! are in opposition: 

~The” French: Navy: has! developed listening. device 
known as» the» Walser» gear, whith) it: found: An: this 


on ‘the the ‘hunting! chigle ull, this gear, the.- 
tubes, but are a freely 


Sous position in ‘space ‘whith-the 
sound: comes. The position of the :sound::focus.is: means 
a funnel or trumpet; ftom: the contracted: end<of, which-a::flexible: tube 

the’ listener's ear. The’ great advantage: by. the \Walser 


th in the ater: wiih have char- 


water ‘noises-generally seriously interfered: with their: effective use; and in 
practice the ‘chasing ship! is:compelled to:'stop. at: intervals and listen: when 
not under ways, ‘This: means that in:many. cases the quarry is lost: 
UThisidefect was overcome in: ameasure:by towing.:a directional. hydro- 
phone encased in an: artificial “ fish*<behind a adopting : 
hydrophone, ‘water noises: dre: fairly’ well as. 


| and means: were devised: for standardizing their construction and their 
functioning. Hydrophones were: constructed:and put) into. service which 
oe were ‘suitable ‘for use in water of) modetate depth, and other ‘types were 
1 
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“fish” can be towed at a considerable distance behind the: chasing svessel, 
many of the sounds emitted by the latter do not reach is, wataniban: which 
do arrive are received with weakened intensity. 
needless'to say that the development of listening 
received a great impetus by the:use of: thermionic: amplifying valves. 
Although’ an: enormous expenditure ‘has been»made ‘in 
perfect the hydrophone and other ‘listening. devices, it is) realized:that) such. 
instruments possess an inherent defect. If:the: submarine; can: be :made 
noiseless’in motion,’ this method: of countering becomes:.ineffective. 
Even now the range-of than’ aye 
modern: submarines moving knots or 3 knots: be 4081 
-(b) Etho Methods.—Owing torthe:fact that. it was found: under 
certain conditions to render the propulsion: of submarines practically si a 
it becamenecessary to look in other directions for fundamental methods 
detecting: them. A’ system ‘of :detecttion: which is! full of promise involves 
the use of ‘a: beam of sound waves:sent out’ bya: chasing ship: in:a manner 
analogous‘ to the use of a»searchlight:» such’ beams of sound :-waves 
it is possible to sweep the ‘seas, arid when’ an object: of sound suchias a 
submarine happens to come within the beam, the sound: waves are’ reflected 
and echo‘effects are obtainable: The character ofthe beam is, of course, 
determined in large measure by: the frequency of the: waves constituting it. 
The’ method has been employed with great success, and: promises: to i a 
helpful agent. It can be used by chasing ships traveling: at speeds, 
when applied with certain restrictions» and» definite: characteristics it 
enables one to pick up and close:on a sulmarine situated more than te 
mile away. ‘The method, it is obvious, is applicable to the ‘locating 
other obstacles’ to: navigation as to. submarine 
Magnetic and Electro-Magnetic » detectors 
usually require the: movable: system to be -poised:or pivoted.’ ‘They: can 
therefore be’ used as’yet with only ‘a moderate degree! of; cio ain 
towed bodies or in vessels subjected) to violent::mechanical disturbances. 
The range ‘at which magnetic effects: can» be!) detected: is) moreover .com- 
paratively short. As’ a-result of these defects the-use of magnetic: detection 
_ 1s somewhat circumscribed. » Such instruments can, however, be used under 
certain conditions, and’ in: particular: seaxareas, with’ great: effect. Inthe 
war very considerable results were actually obtained by their-use. 
. The range at which electro-magnetic. detection can be applied is: greater 
than is possible with magnetic detection, but the: method: is, however; 
essentially a short-range one, and in many-of the forms in which it has 
_ been worked out it cannot’ be used with success at distances qreater than 
about 300: yards‘ or in depths: greater ‘fathoms:::; 
Leader Gear——An important application of «an: electro-magnetic 
effect which was developed during the war is found» in; what is .known:as 
Leader gear. This gear.consists of a cable laid on the!hottomof.the sea 
along the course ‘ofa narrow: tortuous: channel leading into a. harbor:or 
through’ a minefield. If an:alternating electric current ‘be through 
such a cable it is possible by means of delicate devices: installed on:aiship 
to obtain ‘either aural or visual indications the présence of such a 
cable, by these indications the:ship can be guided in. safety. in fog or 
darknessiat speeds as high ‘as 20 knots almost:withas much precision as a 
tram-car by a trolley, wire over a: railway: ‘Experiment has shown) that it 
is’ a-simple: matter «tovapply this method in water of, 
distances as great as:50 ‘miles 
(e) Invisible Signalling—Reseatch has that it is: possible. 
certain conditions to utilize polarized light:or-ultraviolet and infra-red radi- 
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atidns: for With the \last-mentioned: ‘type of radiation 


especially valuable are’ obtainable over ‘considerable: distances, even 
in the’ presence of. light: fogs: -Where:it is not advisable: to” use wireless 
between ships, infra-red He of 


cA | 


ts: which have taken: place»in the -war:is inthe ‘field ‘of: wiréless 
telegraphy: and: telephony.’ By the: use of oscillating thermionie> valves 
especially great: progress: has!’ beem made: It is now’: ‘possible ito chold 
conversation with ease between a ‘landistation ora’ ship’ airship 
or seaplane over, considerable: distances,;:and ‘by this means obséfvers:ion 
aeroplanes or aitcraft: can also) converse ‘with one another. With: high- 
power installations it has been demonstrated that wireless’ telephonic com 
munication: can be maintained onthe sea over ‘hundreds of: 
On directional,-side of‘ wireless” great?advances ‘have ‘also been 
onde: If an aeroplane, an airship, or surface ship should send out cori: 
tinuously for a short interval:a: seriés: of ether; waves, these waves canbe 
picked up over long distances by devices installed 'im a’ land «station, ' the 
direction of the’ source of these ether waves can be ascertained, and ina 
minute or two:the land station canigive:the observer: of ‘the emitti 
his bearing within ‘two’ degrees relative: to the land ‘station.. ‘With two 


land stations: it is possible: to obtain’ cross: bearings, and: the latitude and 


of' the sending ship can be: determined ‘witha high 
With directional evicns' installed on ships it will be: possible: for two 
ships whos¢' positions are known to communicate its true position 'to ship 
enveloped fog and situated several: hundreds of miles: away: ‘Itvis 
obvious, therefore, fromthe few illustrations which have been given’ that 
directional wireless ' will: ‘find: a wide field of usefulness in: the: future in 
connection: with the subject of navigation 

Explosion Pressures.—In the early. of the cam- 
paign,: ‘axmethod: of ‘destroying ‘submarines: whose approximate location “was 
known, was by the employment-of depthicharges. ‘To use this means’ it 
was, nécessary first-of alk to: know the*neighborhood in» which’ the’ sub- 


‘marine was: located, and’ then the chasing ship: would ‘rush-to-the spot and 


drop or throw to some distance charges'of explosive which detoriated> when 
necessity: 0 owing estructive »zoneo any given 
charge:soon becamé' evident, ¢.¢., to‘determine the radius *from the explod- 
ing charge, within which a submarine would 'be: successfully: destt 
The same ‘information wasimportant ‘in’ the laying out and use: of*mine- 
fields. were undertaken ‘to determine what pressures were 
by charges of different sizes and types’ at various ‘distances 
rom: the place of ‘detonation: |The nature of the pressure wave was par- 
ticularly important, for — it depends the “killing power” of the charge. 
The laws which: govern the alteration’ in: form'-and power’ of ‘waves: 
erated by these explosions had. to be determined:in order: to: employ 
charges and mines in the most effectual:and economical manner. The ac- 
curate determination of the velocity of: eee ger ‘of the explosive waves 
generated: was also: of importance in distributing the charges; ‘for if 

two! different) sources’ arrive: at: the ‘object -in ‘different phases, the 


effective crushing power: be -considerably: altered)’ When swe iknow 


what: the ‘effect: of: different: charges” at’ various ‘distances *is+-what !type of 
pressure wave, whether a sudden: intense’ blow’ lasting» a’ few: ‘ten-thou- 


 sandths of a second, or a sustained :p 
@ second, ‘or a: series of ‘shocks, has the greater ‘effect: in ‘de- 
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stroying the submarine when. under water—then we 
to lay out our minefields, and: what: size. of charges are’ the best 


A most elaborate investigation of the rc of expledion 
sure‘waves hasbeen carried)out for the Admiralty by Mr. H.W. Hilliar, 
By ‘this. method the ipressure:is allowed to:act one end of: a steel piston; 
and «measurements are made of the velocity of the piston \as it passes a 
series of points at-known distances: from its:starting point: From these — 
measurements it:is\only a mathematical operation to extract the ‘accelera- 
tion of the piston at different times from the moment when it began to 
move ; in other: words, the:timehistory of: the pressure acting on the*piston. 
It is not actually feasible to measure the velocity of a’ single’ piston’ at 
different stages’ of its travel; but you get the same:information if ‘you let 
the: pressure act on a series of pistons atid measure their»velocity after 
they have travelled ‘different distances, ‘Fhe velocity'is' found from the 
end: of its travel... by 
As ‘an illustration,.of cbtainelt the it may stated 
that with the measuring gauges at a:distance of 50 feet from a 300-pound 
detonating charge of amatol placed ‘about 60 ‘feet below: the surface, the 
correspondifg: time-pressure> curve:‘showed that the maximum ‘pressure, 
0.80 tom: per square inch, was réached almost instantaneously; ‘that the 
pressure fell to one-quarter of its maximum value in 1/1,000°0f a@ second) 

practically faded away after 5/1,000:ofa second. Inthe course of 
the investigation it was shown that the pressure waves ae reflected from 
the: water surface waves of tension.» The:effectat any given point in 
the neighborhood of the explosion: is therefore due to: the superposition of 
a direct pressure wave from the ‘charge anda reflected tension wave ‘from 
the surface :-both travel with the velocity of sound: (4,900 feet per — 
and — tension. wave follows the!pressure: wave ‘after an interval d 
mined simply by the difference: in the: the and reflected 
paths:from: the charge tothe point:in question: 

Tt has) been found ‘that the! pressure froma: large 
and more»sustained:than that: :from a one, being.:connected 
by the following rule. If one charge has: twice ‘the linear’ dimensions: of 
another: times the! weight) the maximum pressure at a given dis- 
tance: from. the larger charge will be the same as:at half the distance’ from 
the ‘small. charge ‘and will be 
in -falling}to.any given fraction:of the maximum. 

of gunpowder, ‘for:example,. it was 
found: that the pressure rose: much gradually than when” ‘of 
amatol. ‘or -T.N:T. were: andthe With this: explosive very low maximum 


Sir-J. D. A. Keys, consists in the: émploy- 
ment of the; phenomenon: long known :to: namely, that certain 
erystals, become: charged: with: electricity: when, subjécted to pressure. 
amount} the. charge produced! is proportional ‘torthe pressure: applied::to 
the crystals, so by having a suitable arrangement for measuring this’ 
variation with time, ‘a: complete record: of) the variation of ‘pres~ 
cave time obtained by placing: the: ¢rystal detector at! any* given 
from the.exploding' charge: Since: the. duration of the wave>in 
passing over ‘or engulfing ‘a ‘submarine: is orily:a>féew thousands 
‘the pressure generated: may ‘be of ‘the order:of half 
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Or more per square inch, one can readily imagine the difficult nature of the 
problem per But by making use of the inertia of a beam. of \ 
ray particles and employing the fact that they carry negative charges 

are deflected by electrostatic and magnetic fields, it has been possible to 
obtain records of the variation. of such. pressures with the time... The 
electrons affect a photographic plate, i.¢., they leave an impression on the 
plate where they strike it... This, additional fact has made it possible to 
determine the change in pressure of the wave from the instant the cha 

is fired and at as small intervals as we please afterwards. Changes whi 
take place in 1/100,000 of. a.second have. been recorded by: this. means. 
Already the method has revealed a number. of. facts about. the nature of 
the pressure wave produced by exploding charges and the importance of 
such results in the laying out. of, minefields the employment of depth 
charges can hardly be over-estimated. 
Sound Ranging,—In the course of our investigations of the char- 
acteristics of pressure waves generated by the explosion of charges in 
the sea, it was found that when a hydrophone was used to pick up the 
waves a good record could. be obtained by. the explosion of a.number 9 
detonator at least 2 miles away. The explosions due to charges of 2 
pounds of T.N.T. have been recorded at 14 miles, and might have. been 
recorded at far greater distances judging from. the strength of. the. signals 
received. The explosions of 300-pound depth charges have been recorded 
up to 200 miles, and it is probable that with charges of moderate amount 
explosions occurring as far away as 500 miles can be readily recorded. 
Based on these results a system of sound, ranging under, water was de- 
veloped. Four hydrophones were laid out 5 miles apart along.a base line © 
in deep water a mile or two from the shore, and in. addition. two pilot 
hydrophones were. placed along a line at. right angle to the base the 
one 5 miles out and the other at twice that distance. Cables were laid. from 
the hydr to..a recording instrument. situated in shore station. 
Four of these stations were installed. at different places along the east 
coast of the British Isles,.and other stations, are now in progress of 
installation. With such systems the shock. of distant. ex- 
plosions occurring under water: affect the various hydrophones in. turn, 

as time intervals can be read to two or three thousandths of a second with 
the apparatus. now in use, it is. possible to. measure with accuracy time 
intervals between the times of arrival of a sound. wave at, the different 
hydrophones. With the measurements of these time intervals. it. is a 
simple matter to, deduce the position.of the point at which the explosion 
setting up the wave is located. Up to 50 miles the location of an explosion 
under water can be, determined to within a few. hundred yards: by.a single 
station, but for accuracy the co-operation of two stations would be neces- 
sary to locate explosions at greater distances. Within operable ranges a 
ship.can be given its. position by sound ranging more accurately than by 
directional. wireless or by any other known method. Explosions of ‘mines 
or torpedoes at any point in the North Sea can easily be located by sta- 
tions ‘situated in Great, Britain.. In; the war, during the bombardment of 
the Belgian. coast it. was a common thing for a monitor to proceed in a 
fog to.a position some miles from the coast and by dropping depth charges 
have its position accurately determined from stations on the coast of Eng- 
land. So accurately, was this done that.it. was, found, when the monitor's 
guns were trained in selected directions objectives several miles inland 
could be hit with regularity and with a minimum expenditure. of ammu- 
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arising’ from the use of hydrogen would be enormously lessened. Helium 
is most ‘suitable’as a filling for airship envelopes in that it is non-inflam- 
mable and non-explosive, and, if desired, the engines may be placed within 
the envelope. By its use it is possible to secure additional buoyancy by 
heating the gas (electrically or otherwise), and this fact might possibly 
lead ‘to considerable modifications in the technique of ‘airship’ maneuvers 
and: ‘navigation. ‘The loss of gas from diffusion ‘through its envelope is 
less ‘with: helium than with hydrogen, but on the other hand the lifting 
= of helium is about 10 per cent less than that of hyd 
Proposals had been frequently put forward by scientists in’ the British 
Empire and in ‘enemy countries oe the development of’ supplies of 
helium for aitship purposes; bu first attempt to give practical effect 
to these proposals was initiated by Sir Richard Threlfall;' who received 
from the Adiniralty through ‘the Board of Invention and 

‘estar 

It was known that supplies of natural gas containing: helium, in varying 
amounts, existed'in America, and it became evident from the preliminary 
investigations made by Sir Richard Threlfall and from calculations sub- 
mitted by him as to the cost of production, transportation, wns ae 
= was substantial ground for believing that helium ‘could be oba 

large quantities at a-cost which would not be prohibitive. 

The writer was invited by the Board of Invention and Reseatch i in 1915 
to detérthine the helium content ‘of the supplies of natural gas within the 
Empire, to cafry out a: series’ of experiments on a semi-commercial ‘scale 
with the helium supplies available, and also to work’ out ‘all technical 
details in connection with the large-scale production ‘of helium and the 
large-scale purification of such supplies as might be delivered, and become 
contaminated with air in service, 

In the course of these investigations which were carried out, with the co- 
operation of L’Air Liquide’Company, it was re that large supplies of 
helium ‘were available in Canada, which could be Produced at a cost ‘of 
about 15. per cubic foot. 

In the spring of 1917, when the United States of America had decided 
to enter the war on’ the side of the Allies; and ‘after: the investigations 
referred to above were well under way, proposals were made to’ the Navy 
and Air Board and to the National Research Council of the United States 
of America to co-operate by developing the supplies ‘of helium available in 
the United States. The authorities cited agreed to co-operate with vigor 
in supporting these proposals; and large orders were at once placed by 
them ‘with the Air Reduction Company and the Linde Conipany: for Bins! 
equipment, cylinders, etc. The Bureau of Mines also co-operated by taking 
steps to develop a new type of’ rectifying and purifying machine. By 
July, 1918, the’ production of helium in moderate quantities was accom- 
plished, and ‘from ‘that time forward’ the! Possibility securing: large 
supplies of helium was assured. 

Concurrently ‘all practical details the. helium-borne 
airships and ‘of the: eo A of this type of craft were developed by the 
Airship’ Production Section of the Navy. At the’ sdthe time, under the 
direction of the writer, plans’ were oon and steps were taken to 
erect and equip a station for purifying the helium which might become 
contaminated in ‘service. 

‘Expérimental investigations were initiated: ‘with the object of 
developing all possible technical and scientific uses of helium. In particu- 

r, balance, ‘spectroscopic and ‘electrical ‘methods’ of' testing the purity of 
the gas were worked out, ‘studies on the permeability of balloon fabrics’ 
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to hydrogen and helium were commenced, and experiments were begun to 
exploit the use of helium in gas-filled incandescent’ lamps ; gas-filled arc 
lamps, and’ in thermionic amplifying valves. The equipment provided for 
. the purification of contaminated’ helium in large quantities a the 
major portion of the apparatus required ‘to liquefy helium, arrange- 
ments were therefore made to produce this gas in a liquid form for the 
of carrying out low-temperattire researches. 
he advances actually made at the time the. armistice’ was sigtied war- 
rants the opinion that by the present time, had the work projected been 
eted, supplies of helium at rate Of 2,000,000 cubic feet a month 
have been produced within the Empire and the United States at’ 
low cost, helium-filled aircraft ‘would ‘have ‘been in service, and : 
pe gy vould have been made in exploiting the technical and scientific 
gas. 
Before the war a proposal to intstive helium as‘a filling for ween would 
have been viewed, even by most scientists, as impossible, but’ thanks ‘to 
_ the enterprise, enthusiasm and initiative of ‘the Baio backed by imag- 
ination, a estion—at one time considered to be chimerical—has today 


British Navy in co-operation’ with the ‘Navy of’ the: United ‘States ‘of 
America to closé tothe passage of submarines such’ sea areas as the 
northern portion of the North Sea and the Straits of Dover: a5 

“At the time of the signing of the armistice, this stupendous task was well 
advanced. The material used consisted largely of ordinary ‘contact mines; 
which were used in vast numbers and ‘at the expenditure of enormous 
labor and capital. 

It can be.stated now, however, that concurrently with the installation of 
this system of defense, other systems of dealing with these and similar 
— were worked out, which involved the use of more subtle mmechaniens 

which were vastly. smaller in. amount, 

Today it is scientifically possible: and practicable with a comparati 
small amount of material to close effectively to the. passage. of submarines 
by. either: automatic mechanisms or by controlled..ones such sea areas, as 
thé Bristol Channel; the water stretch between the Mull of Cantyre and, the 
north coast of: Ireland, the Straits of Dover, the sea ‘area between Belgium 
and Denmark, the Cattegat and Skagér Rack, and the greater.portion of 
the North Sea‘ between the Orkneys and Norway. 

This will-serve to show, measure, the part science has been. able to 
play during: the. war: Had the. knowledge we now possess been available 
at the opening of the war, we should have’been spared much inconvenience, 
suffering and anxiety, for the’ submarine menace, at one time. threatening 


“APPLICATIONS oF SCIENCE. UNDER PEACE CONDITIONS, 


peace conditions many: important technical systems: and devices: 
brought forward during’ the wat will find ‘immediate as bad 


North Atlantic, can be given ‘their positions’ when prevented: from: getti 
it by’ the existence’ of fogs or unfavorable: weather. By means:of esting 
ranging itis possible'to fix ‘the positions ‘of light vessels, buoys which indi- 
cate channels and obstructions, such as sunken ships. Ships steamirig in’ 
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cocking she: shores: of. Scotia, Newfound- 
land or Labrador, can be given their positions with accuracy for ranges 
up, to as much as 500 miles. Seaplanes. and aircraft in distress in the 
neighborhood of the British Isles or near the coasts of America can call 


for help and. be located when wireless gear becomes inoperable, by simply © 


dropping depth charges. 

In hydrographic work generally sound ranging will be a the greatest 
service for surveys can be made and investigations of seabeds carried out 
in. fogs as well as in fair weather without the delays which have been ex- 
perienced in the past. The positions of the localities being investigated can 
always be determined in a few minutes when once a sound-ranging station 
has been established on some shore within reach, 

-By Leader gear ear laid in such. areas as the River Lawrence, the en- 
trance to the Thames or to Halifax Harbor, the Straits of Dover, etc., 
in and out lanes of traffic can be organized which can be maintained. with 
ease in fogs. The Echo methods to which reference has been made can 
be used for founding, for locating icebergs, surface vessels and rock-bound 
coasts in a fog as well as for locating submarines. 

Helium which was originally produced as a “illing for airships can be 
utilized for the production of illuminating agents and for providing a 
means of investigating the fundamental properties of matter, at the lowest 
temperatures attainable by man. Developments. in internal-combustion 

engines, in electric drive, and in the fuel values of new materials which 
were to be corporated in the Navy, will be of enormous value to the 
mercantile marine in the future. 

» Advances made in wireless telegraphy and telephony and in secret sig- 
nalling by specific types of radiation for war, purposes, will also prove of 
great service under peace conditions by providing us with wes eines 
and ond costly methods of communication. 


PROPOSED SCIENTIFIC ‘ESTABLISH MENTS FOR ‘THE Future, 


“With a view to developing and extending the scientific results which 
were obtained under stress of war, the Admiralty has recently put forward 
proposals for the permanent establishment of a Depertesent of Research 
and Experiment’ within the Navy. 

‘Plans have been formulated for the erection of a Centrals Research Insti- 
tution for the investigation of first principles and for carrying on researches 
of a fundamental and pioneer character. | Steps have ‘already been taken 
to organize'a sea ‘experimental station and to provide buildings and equip- 
ment for an engineering laboratory, a wireless and signal school, and a 
torpedo and mining school in place of the “Vernon.” ‘It is believed that 
these institutions will prove of great value in developing not ‘only means of 
increasing the efficiency of the Navy, ‘but in pro ing aids to navigation 
for our’ mercantile marine. 

- The initial expenditure for buildings and: “equipment : will be large, but 
it seems evident that an ample financial return will in a short time be 
obtained for the nation from profits accruing from a lowering of the 
rates of ‘insurance and from.a reduction in the cost of-transportation, » If 
we could by the use of such aids to navigation as have been referred to 
above prevent two or three wrecks per year, or lower the time of passage 
between Great ‘Britain and Canada on the average by one day per voyage 

per ship through the fog-covered..areas in the neighbothood of New, 
sufficient funds would be saved in a year or two: to cover the 
whole cost of the expenditure on scientific and experimental establishments 
and on the prosecution of the aes and 
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_-OIL-FUEL INSTALLATION IN PASSENGER” STEAMSHIPS.’ 
NEw Boarp oF TRADE INSTRUCTIONS. 


Tn view of the increasing use of oi! fuel for be the Board of Trade 
has issued for the information and‘ guidance of ‘surveyors the following 
instructions relating’ to ‘oil-fuel installations on passenger steamers. Ex- 
cepting the minimum flash point of the oil, which has been reduced from 
185 degrees F. to 175 degrees F., the instructions represent, in a 
form, the practice which has been followed by the Department in dealing 
with the numerous individual cases which have been submitted to them. 
_ Flash Point—The flash point of the oil-fuel should be 175 degrees F., 
or upwards, as determined by Abel’s close test. With each supply of 
oil taken on board, a written guarantee that the flash pour not below 
175 degrees F., signed by a responsible official of the firm supplying the 
oil, shonld be furnished. As opportunity offers, ‘the chief engineer should 
make check tests of the flash point of each supply taken on ‘board, in 
order that he may have accurate knowledge of the class of oil hie is using. 
Storage Tanks, Etc—Oil fuel of the above description may be carri 
in cellular double-bottoms ‘under engine and boiler compartments, anc 
under ordinary holds; also in peak tanks, deep tanks, and bunkers of 
ipproved ‘construction, particulars of which should, in the first place, be 
submitted for consideration. Provision should be'made for the expansion 
of the fuel in tanks. If the storage and settling tanks are. to con- 
structed to the requirements of either’ Lioyd’s Register, the British Cor- 
oration, or Bureau Veritas Registry, a copy of the detailed plans approved 
by the classification society should be forwarded to the Principal Shi 
Surveyor for consideration. In other cases, fully detailed plans of ‘th 
proposed construction, including riveting, should be submitted for approval 
before the work is taken in hand.’ Double-bottom compartments used for 
oil-fuel storage are to be fitted with center! divisions. In other storage 
tanks, suitable wash plates are to be fitted. Where oil fuel is carried in 
wing spaces on each side of the ship, these spaces must be connected by 
means of suitable pipés or ducts fitted as low down in the ship as practic- 
able, in order to comply with the’ requirements of paragraph’ 61 of the 
“Instructions Relating to the Construction of Steamships.” 
__ Suitable’ air ‘and filling pipes ‘are to be provided.’ The open ends of the 
air pipes should be led to a ‘situation’ above deck where no danger will be 
incurred from the discharge of oil vapor therefrom when ‘the tanks and 
_ bunkers are being filled, and each’ should be furnished with a wire-gauze 
diaphragm which can readily’ be remoyed for clearising or renewal.” ae 
Every oil fuel tank is ‘to be fitted witha sounding pipe led to a ‘suitable 
position above the crown of the tank. “Where air or sounding pipes pass — 
through the cargo folds; arrangements must’ be ‘made ‘for’ effectually’ pro- 
tecting them from being damaged. No short sounding pipes should be 
Provision’ shouldbe made to prévent ‘over-filling the or biinkers, 
and gutter ways and coffer dams should be fitted where ‘required.'> If 
fresh water is stored in a compartment adjacent to an oil tank, a coffer 
dam is to be fitted or other effective means taken to preverit the water ‘from 
being contaminated: If double bottoms under cargo ‘holds ‘are’ used” for 
the storage of oil fuel, efficient means must’ be provided’ by’ wells or gutter 
ways to prevent leakage from any oil fuel compartment coming ‘in contact 
with the cargo, and to ensure 'that ‘such leakage’ shall’ have free drainage 
into the limbers or wells.) 00009 | fle 
_ In steamships trading in climates where the cold’ may cause the oil to 
become ‘viscous, héating coils’ should ‘be ‘fitted near ‘the open ends of the 
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suction pipes in the storage tanks, to render the \oil’ sufficiently fluid ‘to 
flow freely through the pipes. . 


Tests-—Every bunker or storage tank i is to be tested by filling with water: 


te a*head at. least .1 foot above the highest point to which oil has access 
ipes, hatchways, or elsewhere, In new steamships, the double. bottom 

is iowever, to be tested. with a head of water up to. the bulkhead 

as required by. paragraph 78 of the ss Instructions Relating to the Con- 

struction of Steamships. 

Settling Tanks.—If the. oil is ended in. the settling tanks, in order. to 
facilitate the separation of the oil from the water, open drains should not 
be allowed unless satisfactory. precautions are taken that the oil shall 
not be heated to a temperature at which oil vapor may be given. off. 
Preferably, the dr e should, discharge. directly overboard, by. ‘gravity, 
on it should be pumped overboard. 

Insulation, Etc-—The.boilers should be. suitably lagged. The clearance 

space between the boilers and the sides of the storage tanks or bunkers 
in. eee oil fuel is carried should be. adequate for the free circulation 
of air necessary to keep the temperature of the stored oil: well below the 
flash point; and, bunkers which overhang the boilers in close proximity 
thereto should be fitted with shield plates. 

Funnel Dampers.—Funnel dampers. should not, as a rule, be fitted, bist, 
if fitted, they must be provided with a suitable device whereby they may 
be. securely locked. in the fully, open position, On ships fitted out. “fer 
the use of oil only, dampers should not be fitted. 

The smoke-box, doors should be shielded, well fitting, and kept shut. _ 

_Pumps.—The pumps for the oil fuel system should be entirely separate 
from the feed, bilge, and ballast pumps and connections, and should. be 
nroxined with efficient escape. valves which must be in close circuit, Fen 

to, the suction side of the pumps, 

he oil pipes should be: solid drawn, those for. con- 
veying heated oil should be placed in; sight. above: the platform in well- 
parts of the, stokehold.or engine:.room. The coupling flanges 

the pressure and other oil pipes. should be. machined, and thin mate 
ie used. for the. joints. so. that the flanges may. be, practically, 
to me 

., The pipes should he tested to, at least, double the working pressure, 

_ Cocks and. Valves.—All, oil fuel suction. pipes from storage or service 
tanks placed above. the double-bottom should. be furnished with cocks. or 
valves secured to, the tanks. and so geared that they may be. shut. off from 


the deck above or from. a compartment .other than the one in which they 


are situated, as well as from the yates compartment. ..If the discharge 

pipes are not connected to the tanks near the top, they should likewise. be 

earners with cocks or. valves, similarly operated, or, else non-return valves 
ou. fitted, 

Cocks or valves should also be interposed 5 elsion the pumps: and the 
suction pipes, inorder that the the. 08. be 
out for, overhauling. 

_ It is desirable that no gauge glasses be fitted” ‘either, to the. storage | 

or. to .the..service tanks ;. but,,.if., suitably . protected, gauges of approver 
design, or. others. haying flat glasses of substantial. thickness 
cocks whereby they, may be shut. off. in, the same manner as. required above 
for, the suction. cocks on, these, tanks, may, be allowed, . 
_.Heaters.—If ,steam is. used, for heating the. oil, fuel, the exhaust. drain 
should discharge the water of condensation into.a. where it. can be 
seen-whether.or not. it:is, free from gil... 


exposed, lights, should. be placed in any space “where oil 
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accumulate, such as or. stokehold, which 
shon d uminated by; means, pre ‘preferably 
on the two-wire, two-conductor system, when the electrical pressure ex-. 
ceeds 110 volts, and:no switches or fuses should be placed in. any such 


ahoald provided for examin bilges, pipes, etc, 
for leakage, and self bo battery-fed to. those used. in. 
fiery mines, may be used in dangerous places. Portable lamps supplied 
with current through flexible cables should not be permitted. . 

Precautions Against Fire-——In addition to.the usual water service and 
hose and ,pipe conductors, one of which might be provided with a nozzle. 
having perforations in it to spray the discharge, pipes perforated for the 
emission of steam in| fp. the gutter-ways or lower of the boiler room 
should be’ supplied, the control of steam supply being outside the boiler 
room, The boiler room, should contain a receptacle for holding about 
5 ¢wt. of sand, and suitable scoops for distributing the sand should be 
provided, together ‘with chemical fluid extincteurs for use in the boiler 
room, ‘pump room, or ‘engine ‘room. 

Contiguous Passenger or Crew Spaces. _Neither’ passengers nor crew 
should be ‘berthed or accommodated in a space adjoining an oil bunker 
and separated ‘thereftom only by the containing bulkhead of the bunker. 
No objection ‘need be raised, however, to perceives or crew spaces situ- 
ated ona déck forming thé‘cfown of an oil fuel space, provided that the 
deck constructed thoroughly oil‘ tight, that there are no manholes or 
hatchways to the oil spaces situated within the quarters, that the floorin 
is laid with a non-inflammable and non-magnesite composition at least 1y, 
inches thick, and that ‘the spaces are especially well ventilated. 

Outfit~Thermometers and’ an for determining the flash 
of the oil’ fuel should ‘be supplied; also’ extinguishers, in the form of 


tubes ‘with one end ‘closed, for the torches in igniting the oil ‘spray 


be furnished for’ the’ guidance of’ the engineers; also 
mounted, of the oil-piping ‘arrangements. 

Miscellaneous-—The escape of oil fuel heated Ff or pee the flash point 
is most dangerous, and may ‘result’in an explosion or a fire should a 
weve come into ‘contact with the highly inflammable gas which is 
évolv: 

Ample ventilation should be’ provided in engine, boiler and’ puinp. rooms, 
and also in all compartments adjacent to the storage tanks.. 

After lighting the burners, the torches should on no account ‘be thrown 
ue before carefully extinguishing by, means of, the appliances provided 

r the ‘purpose. | 

Savealls should ‘be under’ the pumps, heaters, and ‘straitiers 
where necessary, to catch oif which may be spilled when any cover or door. 
is removed; and, likewise, at' the: furnace mouths when not protected: by 
fronts which would intercept oil having escaped” from the’ burners or 
becoming ‘extinguished. 

"There should’ be no in’ the stokehold ‘or compartment ‘cort- 
taining the ‘settling tanks, and ‘no’ ‘wood or other’ combustible’ matter should 
be allowed‘to’ accumulaté therein or in’ the ‘vicinity’ of the fuel tanks.” 

Cleanliness’ Essential to Safety—No oil should be ‘allowed to accumu- 
late in the bilges or gutter ways of’ on. the’ tatik tops. These parts ‘should 
bé ‘washed ‘with a and having 4 conductor, at least twice’ a ‘day,’ or 
oftener required, ‘and the wells ‘should then be pumped dry. 


Printed’ or typed instructions the working of of the should 
suitably 


941 
{ 
‘ 
j 
i 
i 
j 
4 
{ 
q 
. 
i 
i 
; 
} 
. 
e 
: 
if 
i. j 


that the gutter ways may ‘be readily accessible for inspection and cleaning, 
it is desirable that the hold platform should be’ kept clear of all bulkhead 
cc Before any tank or bunker which has contained oil fuel is entered for 
inspection or repair; the oil should be entirely removed, and care should 
be taken that all oil vapor is also removed by steaming or by efficiently 
ventilating. Satisfactory tests of the atmosphere inthe tanks or bunkers 
should ‘be made to ensure safety against explosion before inspection or 
work in them is begun: Bok bi 

_ General—If any difficulty arises in securing the adoption of the ar- 
rangements indicated in these instructions, the Surveyor should refer the 
matter for consideration by the Engineer-Surveyor-in-Chief.—* Steamship.” 


"THE MEASUREMENT OF CONDENSER PERFORMANCE. _ 


‘The éxtent to which the steam turbine is used at the present time for 
the. propulsion of ships makes the problem of efficient condenser design 
one of the greatest importance. It is generally recognized .by. marine 
engineers that. the best results from a steam turbine can. only. be. obtained 
when the steam is allowed to expand to the lowest possible. pressure 
before -passing through the exhaust. to the condenser, h on. 
turbine ships, it is customary to instal condensers which are capable of 
producing a higher vacuum than is the case on ships fitted with recipro- 
cating engines. The production of an extra; half inch. in the, condenser 
vacuum. will result in a large increase in the power. developed by. the 
turbine, and it has become the practice to run.the condensing , plant on 
turbine ships so that the vacuum approaches to. within about/1.inch of 
barometric height, or, on an average, to about 29 inches of mercury, while | 
on vessels fitted with reciprocating engines, a 26-inch or 27-inch vacuum 
was generally considered as representing the limit above which it, was. not 
economical to proceed. It is not necessary- at the present. juncture .to 
explain why it is that the turbine installation is always .associated, with a 
peal vacuum in the condenser, but rather to. consider. the various means 
which are adopted for producing this result, and.,to try to establish .some. 
basis. of comparison in, order. to; determine. to, what, extent, each method 
may be considered‘as an economical procedure... 

“Considering the condensing plant as comprising the condenser itself 
with merely its circulating pump and air pump, an increase in the vacuum ~ 
can be obtained by increasing the size of the condenser or by fitting a 
larger air pump when dealing with a given quantity of exhaust, steam, 
Merely, increasing the size of the circulating .pump tends..to lower the 
temperature of the condensate with corresponding loss of, efficiency of 
the boiler; although in dealing with a larger condenser a correspondingly 
larger. circulating pump will of course be required. Hence, to produce a 
higher. vacuum,, we. shall be faced with a larger expenditure of.steam, in 
both the.air pump and the circulating pump, and the question, arises, as 
to, how..far these increases.can be: met before the, saving in consumption 
in the main turbine is balanced by the increased consumption.in the,con- 


denser auxiliaries. In addition to. the factor,of steam consumption, there 
is; also the question of the, increased weight and cost of the plant.to be 
set against the. saving in, the cost of running it, and this is a aon whi 

must not be lost sight of when dealing with the mcrease in the size of 
auxiliary, machines for. any. particular purpose... yin! 
. Although, no definite data are available as to when the simple condensing 
arrangement referred to above ceases to be economical, it is realized that 
in the production of high vacua some additional means must be adopted. 
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There: are: many systems: ‘of producing a high vacuum which have been 
tried im conjunction with turbine: installations on board: ship, and all of 
them: achieve ‘a certain measure of success. ‘In one*system ‘we’have what 
is termed an augmenter condenser by means of which the vacuum obtained 
in the main’ condenser is: still further ‘another system we 
have two air pumps, ‘one ‘connected tothe bottom of the condenser) and 
one to the top, and’ known respectively as the wet and dry air pumps. 
Yet; again, we have ‘systems in which rotary pumps are employed in pref- 
erence to reciprocating pumps; ' while there are many devices in which the 
exhausting effects of jets of either steam or water are employed in order 
to reduce the pressure’in the main condenser. ..All these systems, as we 
have already said, succeed more‘or less in their object of. producing ‘a high 
vacuum, but it is very difficult to say at’ what expense in steam consumption 
this vacuum is obtained, and in any case’ the marine superintendent who 
is desirous of forming an opinion as'to the relative merits of the different 
systems with which he is confronted, is at a loss to var a common basis 
from which the systems may be compared. 
measuring’ condenser performance these 


common denominator in- terms of which the performance of any’ plant 
may be expressed. the question: of the prime cost of the 
different systems, we might determine the number of pounds of steam con- 
densed per pound of steam employed in. the: auxiliaries;: but it must be 
remembered that these figures: will only be of value whett the pressure of 
the steam: used in the auxiliaries is considered.» Again, the temperature 
of the circtilating water will materially affect the result, while'the pressure, 
and hence the temperature at which the exhaust steam is condensed, must 
also be considered. But it is apparent that merely to say that a’condensing 
system is capable of giving a vacuum’ of so many inches, or so much:per 
cent of barometer, is not sufficient’ unless: some’ indication’ is ‘also given 
of the ‘expense in’ steant consumption, and in other terms, with which 
this‘ vacuum is ‘obtained: The growing importance of the steam turbine 
for merchant’ ship propulsion and the consequent demand for condensing 
plant ‘capable ‘of “yield ing high vacua, renders’ it almost: imperative that 
some means of expressing the the performance of: | 
ap ratus'‘should be devised.» The above ideas have only: been’ f 

th a view to‘pointing out some ‘of the difficulties of ~ question and to 
stiggest a means whereby comparative -figures might obtained. ‘But 
while the problem is one of great difficulty, it is one of great importance. 
Many ‘systems of condensing are available,» Many’ more’ will ‘doubtless 
appear as the demand increases; and the’ superintending engineer ‘will be 
called’ upon ‘to 'make'a choice’as to' which system is:the’ most ‘economical 
from all points of view. | Iw him to’ make that» choice; some basis 


of is elearly desirable. and ‘Shipping’ Record.” 


WATERTIGHT IN IN’ MERCHANT: 
~ Tt is ‘how possible to analyze experience during the great test of wap sii 

e question of watertight doors in ships.’ The’ controversy usually centers 
around the need or otherwise for doors in watertight bu ds, and the 
dinculty has been expressed by saying that the question is one of the safety 

f the s hip versus the convenience of the ‘departments working the shi 

tt was. abundantly demonstrated ‘duritig the war. ‘that ddors 
when left open ate a positive source of danger. The majotity of. vessels 
lost were sunk by the explosion of a 2 a or torpedo, and it ar found 
that'any bulkhead in the the explosion was usually 
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such an extent that it was impossible to. close the door. Actually. it-was 
found that if the door was open at the time of the explosion there was 
generally, ‘with few exceptions, no time’ toshut-it 
working, order... It has often been proved. that: wa’ 
when:an unforeseen contingency arises. It has shown that it is 
not. possible to rely upon a ‘crew, however well disciplined, to :close water- 
tight doors in aniemergency., Examples of this,oceurted during the ‘war, 
where in many cases.a watertight door was far enough from the center of 
the explosion not to be distorted, : but only, in isolated: instances-were, such 
doors shut after the “explosion occurred. For example, large passenger 
vessel, 500 feet ; was, torpedoed: without warning. and capsized .and 
sank in 5 minutes. The explosion laid open two compartments tothe sea, 
but this would not /have been. in itself .sufficient: to sink the ship... Un- 
fortunately the watertight door leading into a third compartment. was open 
at the time, so. that actually three compartments were opened. to: the sea. 
The large: area of waterplane lost on this account was enough to destroy 
the stability of the ship, making ther capsize, Other cases occurred where 
was received in the after part:of the ship, destroying a shaft 
tunnel and thus admitting water, to.the engine-room t rough the watertight 
door; at the: forward: end of the tunnel which: was left open, 

In the case ofa collision a bulkhead between two compartments may be 
damaged, and.it is of the utmost importance that the inrush of water should. 
be! confined to. the smallest limits, ‘The fh oem was made by the Court 
of Inquiry into the Empress: of Jreland er that-in circumstances of 
danger. it: would be desirable: to: close all- watertight doors and. port. holes 
below the top of the watertight bulkheads and to keep them closed until 
the danger was passed. It will be remembered that the Empress of Ireland 
was sunk in, collision with a collier; many Jives were lost, The advice 
given by the Court of Inquiry is. undoubtedly sound in theory, but: in 
practice—especially in. peace time--since, the. closing of ordinary water- 

t doors causes: such inconvenience in the ship, it is not likely to be 
en. If it is logical to leave out watertight doors.in a ship because they 

are dangerous, it is: equally as logical to leave out holes... 
“Dunne the war; a committee appointed: by the’ Institution of Naval Archi- 
tects: recommended: that :all existing watertight Sones low down in main 
bulkheads should be secured so, that cannot be opened, and. that if 
watertight doors he should. be fitted high up -in the -bulk- 
head. .This was considered by the committee to be particularly important 
when: bunker .coal is carried forward of the boiler-room bulkhead, as a 
watertight door through, which coal:is being trimmed cannot be depended 
upon...In the:ordinary way: this would mean lifting the.coal in'the reserve 
bunker. over the: top: of the: boiler-room bulkheads, or through the water- 
t' door openings cut high: up in‘ the bulkhead, thus necessitating extra 

for the:crew of the.ship and an increase in their-number. 

In spite of all that has been. said for and against watertight doors, the 
fact remains; that watertight doors.are still, fitted, the evidence pointing to 
the convenience of working the shi outweighing the possible danger 
brought about by. fitting the doors, ‘hat this is so seems fairly obvious, 
since. the necessity, for closi door: in an enrergency may come once 
years, but the desirab haying it there occurs several 


eee must be provided to coal ‘bunkers, and although every effort 
should by he be flesigning a. ship to. arrange that the bunker bulkheads 
are this is by. no means always particularly 
the bolles the Subdivision Rules. Then, again, there must be access between 


iler rooms and from them to, the engine-room. Shafting requires 
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periodical. attention and watertight doors must be provided in the shaft 
tunnel for this: purpose. It has. been: suggested: that, if, watertight doors 
are dispensed with in the: machinery ‘spaces, access can be obtained to each 
watertight compartment ‘from. the top,.deck. This would mean: increasing 
the number of engineer officers in a ship and adding to the wages bill. In 


_ addition, access trunks would have to be fitted in the ‘tween decks or the 


engineers and greasers allowed. in passenger accommodation, It is. true 

that watertight, doors.are greatly cut down in warships, at least in the 

main watertight bulkheads, but in these vessels the number. on the engine- 

room: staff is not.important, and: in any case there. are no: passengers to 

consider, Economical considerations. are relatively of little 
Even in warships, where efficiency is the first. consideration, the 

of watertight doors fitted is enormous. Some twenty years ago there was 


a sustained discussion with regard to this. very question, the: principal 


pe pants being the late, Sir. “William. White and. the late. Lord Charles 
eresford.. The former was in. the, position of haying to put: in mon a 
tight doors-to:meet the wishes of:,the, senior, naval’ officers ,controlli 
design of warships: Lord Charles Beresford. was anxious to reduce ies 
and while it is true he made some very drastic suggestions with regard to 
watertight doors low down in the main machinery bulkheads, he only pro- 
posed, to do away. with 19 out: of-a total of, 208 in the battleship Magnificent. 
Since then some. of, his, recommendations have, been. carried out, but. even 
today in a first-class battleship there are nearly 200 watertight doors. |: » 
In: passenger ; ships, watertight doors are generally necessary in one 
"tween; deck... It'is curious in: this connection, that the latest Subdivision 
Rules have actually added tothe number. of. watertight .doors: required 
in a ship.:.It, was usual, before. these. rules. came into force to stop the 
watertight, bulkheads’ .at..a deck: below deck., .Now; to get 
satisfa subdivision, they must often be.carried, up to this latter deck. 
In -the ter-deck type. of. vessel, for instance, the main transverse: bulk- 
heads were only: carried to the upper deck; and in consequence the passen- 
ger accommodation could: be arranged in the shelter ‘tween decks! without 
introducing watertight doors. in. that space. Under the new Subdivision 
Rules. it frequently necessary to carry, the, watertight bulkheads 
oe the shelter deck.. In’ practice, as already indicated, it-is necessary 
en to move one. compartment..to another’ in. the..shelter, ‘tween 
decks, so that the bulkheads must. be pierced and. watertight. doors 
These doors must be-left open’ when the vessel. is at sea... Watertight, doors 
in a ’tween deck may be hinged ofl or sliding, depending on the height of: the 
deck above the. water. line, danger of , watertight: doors:in: passenger 


"tween, decks being left open shas often. been demonstrated... Whee: a 


damaged vessel has sunk, to, such a level as to bring the water into this 
tween deck over the. damaged: compartments, the; water promptly 
spread throughout the ship. 

there: should. be doubt still. as the foe, rwatentignt daots it 
should be removed: by reference to the report of; the Bulkheads Committee 
on. the: Subdivision of. Merchant, Ships. This report: says, The number 
of openings in watertight bulkheads shall be reduced. to ithe, minimum : 
compatible with the design.and proper working! of the ship.” 

--To..summarize the. position; watertight doors are objectionable prin- 
cipally because they are kept. open and. because in the ordinary way they 
Tequire a great;amount of effort and.a good, expenditure of ‘time to open 

close them.. The necessity: is for .a-means of opening. ‘and 
watertight doors, easily,’ Todo, this door must. be operated by power. 


With such doors. the: convenience he. departments: is. met without en- 
principle of having, watertight 


dangering :the: safety ofthe 


vd bre botlowines 
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doors always closed can be applied to all those which are. operated by 
power in the lower part of the ship, as, for instance, those in the machinery 
spaces. This disposes of the objection that<after a ship has received 
damage it is not possible to close the door, since it is already closed. On 
the other hand, many prefer to leave the doors in the machinery spaces 

We have remarked that it is quite hopeless to rely upon direct’ human 
action locally; so that the necessity for power operation’ controljed from 
some central ‘position becomes apparent. The great advantage of a central 
control ‘from the bridge is that this control is’ under ‘the ‘ruling brains of 
the ship; iie., either the captain or the first officer, ‘men who have been 
trained to act quickly and with presence of mind in an emergency’ and who, 
moreover, will actually see danger approaching in 99 cases out of 100, 
and will be able to throw over their door control lever before the actual 
moment of impact, thus forestalling the danger of distorted door frames 
to which reference has already been made)’ With regard to doors in pas- 
senger ’tween decks which cannot be kept closed without ‘a ‘great deal of 
inconvenience, it is safe to say that the ’tween deck bulkheads would not 
usually be distorted by an ordinary peace time ‘accident’ unless the bulk- 
head was completely destroyed. In consequence it is possible to operate 
these doors, but that they ‘should be closed quickly goes without saying, 
reese ‘has been said for power-operated doors, centrally controlled, 
» With regard to watertight doors in bunker’ bulkheads, the great objec- 
tion to them is that they are likely to become partially blocked with’ coal. 
Here, again, the :power-operated door has ‘a distinct advantage in that the 
power can be made great enough to make the door cut through the coal. 
Nearly all the prominent steamship lines have fitted their passenger: vessels 
with a centrally-controlled, power-operated’ watertight door system, and 
reports show that during’ the war it‘has been more difficult to’ sink these, 
than ships fitted with the ordinary watertight doors. With the power- 
operated’ doors there is often’ a ‘certain amount of nervousness at first; 
amongst the men, with regard to their use,’ but in practice it'is found that 
this is overcome when the men see ‘that the local control is in ‘their-own 
hands and ‘is’ quite sufficient’ to ‘act: against ‘the’ central control, although 
the latter is ‘made to close the door after the local action’ is taken off, this 
being usually done automatically: A power system of watertight doors 
does cost extra money, but this can be looked upon ‘as an insurance 
The International Convention Rules for watertight doors, in vessels 
carrying more than 200 passengers, make it necessary to have, either doors 
which ‘close’ by their own weight or by power’ pressure, and in any case 
operated from the bridge.” Actually it is not often possible, in practice, 
to make all the watertight doors in the machinery spaces slide vertically 
so that they will close by their own weight. The result ‘is’ that ‘power- 
operated doors must be fitted; ‘so that the Convention Rules do, in effect, 
require’ a power-operated, ‘cenitrally-controlled ‘system of ‘watertight doors 

In a passenger vessel, therefore, the choice remains between solid bulk- 
heads and centrally-controlled, power-operated doors, and ‘the advantages 
of doors obvious as’ compared ‘with’ the inconvenient’ system ‘of 
tinpierced ‘bulkheads’ that;\in these days ‘of ‘wages and ‘short working 
hours, it follows that the moderate expense of installing an‘efficient power 
system would quickly be exceeded by the wages bill where solid bulkheads 
were fitted. It‘appears certain that all liners will in future have their bulk- 
heads argent for watertight doors, and that»such doors ‘will be ¢entrally 
controlled and operated by power.—“ Engineering.” 
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GERMAN COMETS SUBMARINE MINE-LAYERS. 
By Dr. Exe. Fame oF Navat Bossa. deed 


When’ io the autumn ‘of 1914 Flanders had fallen into: ear hands, the 
necessity arose for having a mobile coast defense as well as a stationary 
one. For.this purpose the war administration requested the speedy con- 
struction of small submarines which were to carry torpedoes and mines. 
The submarine ‘commission fulfilled this order by designing two boats, one 
solely for torpedoes, the so-called B-J type (compare “Schiffbau” XX No. 
18, pages?485 to 496), the other solely. for mine-laying, the C type. Work 
was begun on the first of the:C type (designated in this: article as C-J)) in 
November, 1914. The Vulcan Works at Paracas “was commissioned to 
build ten’ “and Weser Company 


Col TYPE. 


The plans had been made by the construction department pr the éub- 
marine commission. In the following. only the characteristic distinctions 
will be taken up, as the properties peculiar to the coastal. submarine, and 
the conditions governing. its construction*have:been explained in the above- 
mentioned article about the B type, which ‘also holds good’ for: the mine- 
layer. The principal measurements are showti in Tables I to V: ‘Table I 
(combination tig shows the outward form. The boats are especially 
for three peculiarities which a lasting: an 
the design, 


Especially ot with to the form:is. the cylin hindsical 
shape of the fore part which reminds one of a Zeppelin airship... There 
were two reasons which led to the choice of this ‘peculiar ‘shape. ‘The first 
one was the space required for the mine-tubes in which be -mines were 
stowed. The second ‘was the necessity ‘of transporting the boats. to 
Flanders by: rajl. This led to the reduction of the maximum diameter to 
a size which would be suitable to the dimensions ‘permitted: by ‘railroad 
cars, tunnels, bridges, etc. The shape of the special failroad ae necessi- 

tated the outlines of the fore ans of the vessel. © 


The’ sesond? characterintit: of the boats is the high conning ‘tower. “All 
the foreign submarines of the same size were furnished with observatic 
hoods,, and not with real, corning towers, consequently the commander’s 
post is only slightly above the water when traveling on the surface. The 
submarine commission knew ‘very well that these vessels would only be 
able to maintain themselves if they could travel on the. stitface: for’ ¢on- 
siderable distances. ‘This, however, necessitates a sufficient sea-worthiness. 
The latter can only be insured if the conning tower is tall enough to, give 
protection from: the sea to commander? and The natural out- 
come of this was the furnishing of the andet’s post: with a pressure- 
resisting substructure tall enough for: at- man to stand upright in. 
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FOR THE “MINES. 


The third pechliarity i is ‘the arrangement “he the a mine In the fore. part 
of the boats are six slanting tubes. which pass com letely through the 
pressure hull so that, when the vessel is submerged, the _ate-entirely 
filled with water. In each tube two mines are ‘stowed one‘ above’ the other. 
See drawing 5.. The cams teach under the projections b. of the ‘mine 
anchors and thus hold them firmly in place in the tube. The cams, may 
be screwed into the openings ¢ of the mine tube from the interior:of the 
boat whereby the mine is deprived of its support: and drops downwards. 
The mine had to undergo special improvements in order to adapt it to 
the dropping contrivance. Our mines up to that, time, were not.adapted 
to this arrangement. But it: was necessary to avoid changing: the lead 
ignition cap which had already successfully stéod the test of use. “The 
ignition cap of the mine was now considerably endangered by the walls of 
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be ensure the,safe edit of the mines from the U-boats.. For this 
purpose hinged - guide-rails were attached to the mine-anchor in. sucha 
way as td give the mine the correct ‘direction -while leaving the tube, thus 
protecting the lead ignition caps from contact with ‘the walls of the tube 
or with the vessel. (See drawing 5.)-After the mine has drop down 
and has-settled-on the.ocean-bottom, -these guide-rails fold back and lie 
on the ocean bottom like grippers, in this way permitting the mine to: word 
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"Tt ‘was! necessary: to incline: the: mine-tubes 30 thatthe thines’ might be 
réleased* while ithe ‘boat: Was degree: of ‘inclination »was 
determined by experiments with'models,: The-experiments: ‘were executed 
on the basis of the highest attainable water-velocity although the the. mines are 
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mines: are ‘furnished ‘with 


another was determined 
frame could be executed 
other hand the interveni 


theit again 


evident what a’ valuable 
leader. However, the d 


At the time when-the 


mines’ occupied 
__semaining 


; The pressure resistance of the pressure hull required especial 
the region of the mine-tubes as the perforating of the pressure hull by. 


resistance of the pressuré hull, 


bes 


~ lengthwise and two crosswise in the angles g arranged in the cross-section - 
of the tube.” this: ‘purpose! the abovetmentioned  guiding-rails. of ‘the 


guiding-roliers . The af latter. are 


alternately and tangential to Ue Auden 


such that between-each one a circular 
the entire length without a break. As on the 
space too large in relation to the surface _ 
mirietubes. pressuge thus occurring 

journal-bearings on the perfdrations at the top 3 
¢ hull. (in order ‘to increase: the resistance of 
the 


Weser: 
A-boat 
nuts to: crack.’ 


Very. soon after the ts had been put nto it 
pice 


eapon they might be in the’ f a clever 
d for stronger offensive Properties in the new 


boats that were to be constructed only natural. 


a short was, the.autumn of 1915 at ‘the-longest ; but when they were com-_ 
pleted the state of affairs had changed and it began to dawn upon us see 


wi ju ents pas: on éctiven and its- 


design CIE 


its far superior offensive properties : speed;the ‘torpedo/and gun equipment. | 

- By the insertion of two main of 500-600. horsepower combined, 
three torpedo-tubes and one 8.8, centi gun;<the b was able to 
attack as effectively as U-boats with torpe 


‘toRPEDO 


the ‘entire space ‘in’ the ‘pressure’ 


st 
an om of the press 
journals, the topmost | 
Briefly it ‘maybe assérted of, this type of boat that it fulfilled the 
required stipulations. Inj the scant six months which elapsed from the 
commencement: of the design in November the delivery in May, | 
915; nothing more techniral lived: The fact 1 
be taken’ into conside ards (Bremen) | 


In order to be able to retain,.accucacy of aim it was decided to choose 
pressure-proof, water-tight outside tubes and to dispense with the use of 
the so-called grating or despat tube used by the French and the Russians. — 

The place adjacent s@ thosé} portions of the mine-tubes which projected 
above the pressure Hull turned out’ to be the suitable location. Here the 
tubes could be pi ieveting ihe outer lines parallel to the 
axis of the boat to 7 i 

them in such a way tf 


lies ih the construction of the hull.’ ig built with a single: ‘hull, 
the latter with hull. 

For. the: C-/ type ' the Single ll was a male of course the 
transportation’ by ‘rail ted the complete exploitation of the dimen- 
sions permitted ‘bythe size of cars, tunnels, bridges, oe for the pene 
hull. “The space necessary. for the mine-tubes forbade ‘an 
the diameter. of the\ pressure hull, which ‘would lave’ been necessary if 
the double ‘hull ‘iad been chosen: Speedy- construction also. was only to 
be obtained: by using. the single hull because in the first placé, as the 
pressure was ‘of a cylindrical _or eircular-spherical shape, it 
was impossible AS reduc templet-work,-and in’the second place the 
arrangements submerging are considerably: em si for the 
double hull as “single hull. possesses only: two tanks. 

“Even though “the-most.urgent been supplied by the C-1 
boats the constructor in designing the /C-IJ type was still Constrained to 
make the building period as short as possible: In spite of this he decided 
on the because form attained in 
a more favo: engine arrangement. ides. this 
double hulled boat better sea-going properties and. more stability for 
travel. This point was of the utmost importance as the boats were to work 
. least two weeks 4 a stretch on the’ high seas, Another reason for the 
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reptoduction’ of | Fest have appearanice 
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again the demand for a'preat the Submarine Com: | 
_ mission decided to‘ design a type, but which’ only deviated 
utwardly from the type, the interior remaining practically 
| he plans’ were prepared at the ‘wharf of’ Blohm and Voss 
ex 0 4 4 
shown in table IIT was the result of the effort ‘to avoid 
| faction It is characterized ‘by th 
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‘back, that'the pieces were abreast ‘of ‘the 


for the torpedo tubes to be no lo er placed parallel with the lengthwise 
of the thus a ald sid for the 
rom the 

MAb ail, the tube. enlarged 


Th ‘the U of the C-III type were unable 
to fulfill all expectations. se vigilance in guarding the French 
and English coasts against:th ce constantly increased the demand 
“for a shortening of the diving { The time limit set as a basis when 
constructing the flooding and: air-expelling apparatus of the ballast cells 
was 20 seconds for the cells, This was ten seconds less than for 
the C-1I type... This time limit was: actually attained, but the entire period 
of submerging from the command “flood”.until_the attainment the 
for the bmerged attack remained the sathe as in the 
50 segonds. Therefore the time gained in flooding the 

extra the tired for the open 


ditt 
d its! befor, in: the and thedinterior 
The’ only features to be mentioned’ are the 
struction of the fuel (see table: it) and, the. enlarges 
the accumulator battery (see table I); 
The under-water properties of boats, speed, | \stability-a1 
way impaired. gpte of comaierable 
submerged ‘stability had been reduced: a little qubmerged 
action had remained the same, thanks tothe enlirgement’ of the 
lator’ célls; by increasing the numberof the<plates from 26°to yo! As the 
speed has smalf military value, and the and 
capacity: were no. she ed 
bate mine 


Concurrently a‘fatger type wae-developed,.a submidtine high seas: mine- 
Extracted from “ Schiffbau, Oct. 8, i9i9." ranslated E 4 
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officers, and, ‘particularly; the, older of, the 
‘students jatthe, Naval Academy, ,from,.1866 
49.1869, will remember ‘Theodore Cooper, who..was, in his day, 
oneof the brightest and. mostigenial of the Engineers,» 
born in Coopers Plains, N, Y,, siehtyrone years ago 
and died in-New. York City, during August last. 
88, graduated: at, the Van. Rensalaer. Institute of 7 Tech- 
noe in, the class, of 1858,,and entered the Navy.on, the 24th 
Me ie ember, 1861, as a Third Assistant ngineer. He served 
d 


‘the Chocura; in the many battles in the Pamunky 

River; at Yorktown; Sabine Pass; and Calcasieu. After the 

war had ended he made a cruise on board the Nyack, in the 

Academy. 

He was pheiieaii to Second Assistant in 1863 and First. 
Assistant in 1866, and-resigned in 1872. He liked the service ; 
liked the life and he resigned reluctantly; promotion being so 
slow, and every reorganization of the Navy reduced the engi- 
neers more than other corps, which discouraged Mr. Cooper. — 
He accepted a lucrative position, offered by Capt. Eades, in 
charge of the construction of the St. Louis bridge: After that 
was finished he became Superintendent for both the Delaware 
and the Keystone Bridge Companies. — 

_ “When the first elevated railroads were built in New York 

City, Mr. Cooper was the assistant engineer in charge of 
construction. He was one of the five experts named by the 
President to figure on the Hudson River Bridge span and was 
consulting engineer for the Quebec Bridge and the New York 
Public Library. And the time the first cantilever bridge across 
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the St. Lawrence, at iiedeo; collapsed and nearly 100 men lost 
their lives, it is said that the accident might have been avoided 


had a telegram sent by Mt: Cooper been received and heeded,” 
says the New Y: Sun of 1919. 

Mr. Cooper board of experts on the 
Bridge ge in a lifelong member 
the Amietican Sotiety Cit the ‘Mectianical 
Hhigineérs, thé’ Loyal Legion anid HittOtic Society. 

Was a rarely ever oniplaining, and his’ death 
came aftet'a’very brief illness at tls tesiderice, 
353 “West 87th Street, New ‘Yo “He wa ev lathied, 
which, he so ‘often’ was ‘a reason’ for in the 
Navy. | His'life! was'a ‘buisy one, ‘which, “he Said: brotight 
tent, "He was’ 6f a°génial disposition and ‘had many’ ftiehds. 
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on, eutenant 


Des ment from 

d Sing, U8 N., ‘Retired, ‘and Ca Captain 

“a “Torbet, U. S. "tendered their resig- 

nations as Secretary-Treasurer and Member of Council, re- 

spectively, effective October, 1, 1919. ..Commander, Joseph. 

Evans, U. S. N., was appointed Secretary-Treasurer 2 and. Cap- 

tain of Engineers W. M. Prall, U. S..C,,G., 
cil for the remainder of the year 1919. 

The matter of holding a‘ banquet during 1919 was con- 
sidered, and it was ‘decided that. conditions: _not..yet 
become sufficiently settled. to warrant: such action: 

annual meeting of the Society for the’ of 

officers for the year 1920; and for such other busitiess as might 

be presented was held on Tuesday, October: 7, 1919, 
to our By-Laws. The following’ ‘were nominated : 

Rear Admiral C. W. Dyson, U, 


For Secretary-Treasurer: 
Commander J. S. Evans, U.S. N. 

Member of Council: 
Rear Admiral B. C. Bryan, U.S. N. 

Captain Robert Stocker, C. C., U. S..N. 

Commander S. C. Hooper, U. S. N. 
Commander F. J. Cleary, U. S. N. 

Commander Kenneth Whiting, U.S.N, . 

Commander H.T.Dyer,U.S.N. 
M. Prall, U. SCG. 


‘ 
| Pa 

| 
| | 
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It was voted to place the matter of holding a banquet during 
1920 before the membership and ovision has been made fee 
voting n-this question yt! fOr officers for 1920... 

The Secretary-Treasuser, desires to) renew: his request that 

owing members es haye “joined the 


tsey sft to sp 
Abrams, Lavirence Washington ti 
Ball, Howard j.; ‘Washington; D baliisz 
Dias, Peter, Lieut. U. S. N. R. F. 
Dodge, Owen, Colorado’Springs,Colo 
Harter, Isaac, Supt,, Babcock & Wilegx,Co,, Bayonne, N. Ja: 
Kessler, Raines, New, York, no bled esw beinezetq 3d 
London William J,.An President, Steam, Motors, Go,, Spring- 


d, Mass. 
Muir, Reginald New York Cit = 
Williams, K. D., “wee? 


nov 
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